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SCIENCE AND THE SUPERNATURAL' 


By A. J. CARLSON 


| INTEND to make this discourse more mod- 
est than the title, and I trust you will find 


it so. Seience is one, at least in its essential 


element, the method of reaching approximate’ 


truths. But scientists are many. On the 
topic before us it is preposterous for any 
man to speak for science as a whole and, by 
inference, for all scientists. We have scien- 
tists who still pray to the gods, scientists 
wo laugh at the gods, and some who neither 
pray nor laugh, because they think they 
understand. I am sure all you expect of me 
this evening, and certainly all I intend to do, 
is to discuss the supernatural in the light that 
years of service in the science of physiology 
have given me. The topic of this discussion 
is not of my own selection. The views are 
my own. But they are neither unique nor 
original, except in the sense of being derived 
from eogitation on the common life, cogita- 
tions disciplined by years of research. I am 
not foolish enough to pretend that I am about 
to present to you anything that is both new 
and true. There are able tomes on the nature 
of science; and literature, ad infinitum, on 
the supernatural, especially in religions. 
There are able works on the conflicts between 
science and the supernatural. There are at- 
tempts at reconciliation of the supernatural 
with science. We have, in print, confessions 
of faith in traditional religions by otherwise 
competent scientists. We have, also in print, 
rejections of the supernatural by preachers 


‘William Vaughan Moody Lecture, University of 


Chieago. This address was first published in Science, 
73: 217-225, 1931. It was suggested by a reader of 


THE Sc IENTIFIC MONTHLY that it be reprinted 
here to remind some and to inform others of the out- 


»'ook on seience and life of a distinguished physiolo- 


gist, now president of the American Association for 


the Advancement of Science. 


and teachers of religion. I assume you are 
familiar with some, if not all, of this litera- 
ture. Everything I am going to say has 
already been said, perhaps better, by other 
people. Nevertheless, here is the confession 
of a physiologist of lack of faith in the super- 
natural, and his reasons. 


SCIENCE 

It is scarcely necessary, before this audi- 
ence, to go into detail as to what we under- 
stand by science, although the term is fre- 
quently used loosely and with very different 
connotations. Probably the most common 
meaning of science is a body of established, 
verifiable and organized data secured by 
controlled observation, experience or experi- 
ment. Such data frequently lead to an ap- 
proximate understanding of the causal rela- 
tions between events, and these relations give 
us the so-called laws of science. To my way 
of thinking, the element in science of even 
greater importance than the verifying of 
facts, the approximation laws, the prediction 
of processes is the method by means of which 
these data and laws are obtained and the 
attitude of the people whose labor has se- 
cured them. In other words, the most impor- 
tant element in science appears to be the 
scientific method. What is the method of 
science? In essence it is this—the rejection 
in toto of all non-observational and non-ex- 
perimental authority in the field of experi- 
ence. No matter how high in state, church, 
society or science the individual may be who 
makes pronouncement on any subject, the 
scientist always asks for the evidence. When 
no evidence is produced other than personal 
dicta, past or present, ‘‘revelations’’ in 
dreams, or the ‘‘ voice of God,’’ the scientist 
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can pay no attention whatsoever, except to 
ask: How do they get that way? If evidence 
is produced, he proceeds to examine the evi- 
Does the evidence justify the conelu- 
sions or statements made? There is nothing 
recondite or abstruse in the method of 
science. To be sure, in many fields of scien- 
tific research methods of approach, methods 
of experimentation and data leading to cer- 
tain or probable conclusions are becoming 
increasingly so recondite and specific that 
laymen in general and, in fact, scientists in 
other fields, are unable to follow, but the 
principle of the method is simple enough, and 
that this method of approach will give us the 
closest approximation to understanding and 


dence. 


truth that we are able to reach to-day I think © 


will be agreed to by all informed people. 
The principle of the scientific method, in 
fact, is only a refinement, by analysis and 
controls, of the universal process of learning 
by experience. This is usually called com- 
mon sense. The scientific addition to com- 
mon sense is merely a more penetrating 
analysis of the complex factors involved, 
even in seemingly simple events, and the 
necessity of numerous repetitions and con- 
trols before conclusions are established. 
Where laymen, as a rule, do not understand 
or apply the scientific method is in the mat- 
ter of controls. Thousands of honest errors 
have been committed and ludicrous conclu- 
sions promulgated by failure to understand 
the necessity of controls. Illustrative in- 
stances of this may be cited from the field 
where I have most experience, namely, physi- 
ology and disease. Fortunately, man recov- 
ers, as a rule, spontaneously from many dis- 


eases, such as colds, pneumonia, typhoid ° 


fever, headaches, diarrhea, ete. To be sure, 
some of these diseases may also lead to death, 
but if the person having these ailments does 
not die in the process of the malady, there is 
more or less complete recovery. Now, if the 
person not aware of this has the notion 
handed to him by his father, his priest or his 
mythology that holy water, holy oil, an 
amulet, a prayer, the killing of a goat or the 
laying on of hands will cure these diseases, 
experience will teach him that after applying 
any one or all of these measures to the sick 
persons many of them do get well. Indeed, 
applying all these to the sick might be a kind 





of control because a thinking person might 
be led to wonder which of these measures was 
the most potent in reestablishing health, and 
such questioning might lead him to tr 
whether the person might recover without 
any of them. But usually this is not done 
Those who believe that ill health can be cured 
by prayer will pray. Those who believe that 
an amulet is a cure will apply the amulet. 
and those who have faith in holy oil or laying 
on of hands will try these methods, and most 
of the people get well. A true statement of 
the facts is that sick persons so treated d 
vet well after the treatment. The common 
error made is that the person recovers be. 
cause of the treatment. The experience is 
correct. The conclusion is wrong. There is 
no control. The obvious control, of course. 
is a sufficient number of people of the same 
age with the same malady and none of the 
above measures applied, and the duration of 
their illness and percentage of recovery con- 
trasted with the treated group. Until con- 
sciousness of the necessity of controls in al) 
endeavors to ascertain new truths or in evalu- 
ating current theories, dogmas or practices 
until this consciousness has become a com- 
pelling factor in society, man remains essen- 
tially unscientific no matter how much de- 
tailed scientific facts he may remember and 
how much scientific patter he may have ab- 





sorbed. He is like the rooster who crows 
every morning before daybreak, notices that 
a little later the sun rises, and then concludes 
that it is his crowing which brings the su 
above the horizon. 

It seems that the supernatural in the sens 
of religions or a religious attitude toward 
and life is nearly universal among 
men at some stage of development. Science 
in the sense of elements of the scientifi 
method, the learning by experience, is evel 
more universal. It antedates man. _ TI 
amoeba appears to werk in part by the prin- 
ciple of trial and error; so do some of tl 
higher animals, including the ape. This 
type of reaction or behavior in the simpli 
forms of animal life does not necessarily cor 
note conscious associative memories, bu! 
there is no good reason for denying the latter 
factor in the higher animals. The trial an 
error method is direct experience. Exper! 
ence is experimentation in embryo. Thi 
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very fact that every known race or tribe of 
humans has changed (some say progressed 
or improved) in the practical arts of living, 
in mores, in social organization and in re- 
ligion is evidence of some learning by experi- 
nee, despite all the retarding force of tra- 
dition and myths, and despite the absence of 
conscious control and analysis. Learning by 
experience, however, can not be dignified as 
science until a critical analysis of the factors 
and rigid controls of experience are intro- 
duced. 

The attitude of the scientist is also an im- 
portant factor in application of scientific 
method and therefore in the science itself, 
or at least in the growth of science. 

This attitude is, of course, partly charac- 
terized by challenge of authority, be it man 
r God. It is further characterized by a 
serious attempt on the part of the scientist 
to control his own emotions and his own 
wishes in the matter. The scientist is, after 
all, an ordinary human being and the control 
of his desires, emotions or wishes in a prob- 
lem is seldom, if ever, one hundred per cent. 
The scientist tries to rid himself of all faiths 
and beliefs. He either knows or he does not’ 
If he knows there is no room for 
faith or belief. If he does not know he has 
no right to faith or belief. He may have 
srounds for hypotheses, but the moment he 
begins to have faith in his hypotheses the 
hypotheses tend to become myths. One of 
my teachers in zoology used to say to us: 
‘Friends, it ismecessary, at present, to enter- 
tain theories in zoology, but we must be on 
ur guard against being entertained by these 
theories.’? These elements of the scientific 
attitude I have gadicated are scientific ideals 
which few, if a1 Miicientists are able to attain 
all the time, partietlarly when they are deal- 
ing with matters of tradition or matters to 
which they are emotionally conditioned in 
arly youth. 

The term science is sometimes limited to 
the fields of mathematics, astronomy, chem- 
istry, physies, geology, biology, and their 
practical applications. This may be due 
partly to the fact that in these fields we have 
to-day the greatest body of verifiable data 
and so-called laws of seience. However, one 
of the elements in the scientific attitude is 
the application of the scientific method to 


KNOW. 


the entire universe, including all human ex- 
perience and all human relations. The man 
of science seeks for evidence in the case of 
all traditional beliefs and practices, and he 
must abstain from positive views when evi- 
dence is lacking in these fields just as he does 
when evidence is lacking in his own particu- 
lar field of endeavor. Of course, it is much 
more difficult to apply the method of science 
to such fields as religion, social customs, poli- 
tical and economic institutions. Scientific 
controls are not readily devised or secured, 
but the application of the method of science 
in these fields has justified itself by results. 
[t has afforded us a better understanding of 
the origin of our social heritage, even if it 
has not to date yielded any considerable body 
of verified data or laws similar to that of 
physics, chemistry, geology or biology. To 
the oft-repeated question—Are psychology, 
sociology, economies, ete., real sciences ?—I 
would answer: They are, to the extent that 
the rigid application of the scientific method 
and scientific attitude is pursued by the 
people who cultivate these fields. The biolo- 
gist is confronted in his own field by some 
of the difficulties that other scientists ex- 
perience when they enter the fields of sociol- 
ogy, political science, psychology or religion. 
The past seems to be behind us despite the 
idea recently advanced that time may actu- 
ally Time may run back- 
wards or in eireles in the mind of the 
philosopher, but it does not seem to run 
backwards in biology. At any rate the his- 
tory of the early ancestors of living plants 
and animals, aid possibly the very origin of 
life itself, is only dimly written in the strata 
of the earth of bygone geological epochs. 
We may discover and describe a link here 
and there, but many of the links are as yet 
missing. We can not experiment with the 
Not only 
that, but many of the processes in the-life of 
the individual man, animal or plant of to-day 
appear to be as complex, as difficult to ana- 
lyze and separate and therefore control as 
the complex forces in society. 

So much for science. If we have rightly 
understood and correctly outlined the 
method, attitude and scope of science, we 
might stop right here, and let you draw your 
own conclusions as to the supernatural, the 


run backwards. 


past, we can not establish controls. 
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‘tholy,’’ the ‘‘divine.’’ It might be better 
thus, for those of you who have already done 
so will be bored by the rest of this discussion ; 
and others might take the conclusions on my 
mere say so, or reject them because contrary 
to their faith: In either case further discus- 
sion is largely futile. 


THE SUPERNATURAL AS A WAY TO 
KNOWLEDGE 


By supernatural we understand informa- 
tion, theories, beliefs and practices claiming 
origins other than verifiable experience and 
thinking, or events contrary to known proc- 
esses in nature, such as the production of 
wine from water alone; the resurrection from 
the dead of persons in advanced stages of 
decomposition; accounts of creation of the 
world and of man by people who were not 
present at these events, and not in a posi- 
tion to infer from cosmic data; specific codes 
of behavior enunciated directly to some man 
by some anthropomorphic god; arrest of the 
course of the sun through space so that the 
Jewish army could see to kill a few more 
natives; casting devils out of men, and send- 
ing demons into hogs; human pregnancies 
solely through non-material, that is, divine 
agencies; perpetual recurrence of a species 
of ‘‘immaculate coneception’’ in that a divin- 
ity sends embryonic ‘‘souls’’ into every 
human fetus either at the moment of union 
of sperm and ova, or later in intrauterine 
life, ete., ad infimtum, ad absurdum, ad nau- 
seam. This supernatural has been presented 
to man with varying degrees of clarity in a 
great variety of books and sermons by 
prophets, priests, and other holy men, in 
addition to the information in so-called 
sacred books, such as the Bible, the Koran, 
the Vedas and the book of Mormons. We all 
know that there are great variations among 
modern adherents of the sundry religions 
both in the amount that they individually 
accept and in interpretations put on what 
they do accept of this supernatural. But 
the supernatural in this sense is found at 
present in the theories, beliefs and practices 
of most, if not all, religious groups. We find 
a sprinkling of it here and there in social 
habits, customs and ethics. At one time it 
was prominent in political institutions and 
theory, bui in most parts of the world ‘‘rtule 


by divine rights’’ has been abolished, at leas; 
in theory. The gradual elimination of th; 
supernatural and the divine in governments 
ean not be primarily credited to science 0, 
scientists. It was forced by the travails o/ 
thé common life. The supernatural sanction 
in social customs, habits or ethics frequent 
touches matters of relatively little impor. 
tance, such as the interdiction of eating pork 
for the Jew, and the eating of meats on Fri- 
day for the Catholic, the ritual of baptisn 
in the Christian religion, the circumcisio: 
in the Jewish religion, shaving or not shay- 
ing the face or the head, ete. The dogm: 
that each individual marriage, when solem 
nized by a priest, is a ‘‘sacrament’’ made ir 
Heaven by Almighty God and holds ‘‘til 
death do them part’’ has a more practica 
significance. 

I am no authority in this field, but accord. 
ing to the best information now available it 
would appear that early mores had little or 
no connection with the supernatural. Th: 
grafting of the supernatural on ethies ap. 
pears to come relatively late in human his. 
tory. At any rate, so far as the essential 
mores of practical living is concerned, sim 
ilar principles have been developed in vari 
ous social groups independent of, paralle 
with, or under the influences of a variety o! 
religious beliefs. These, therefore, have th: 
sanctions of social necessity, convenience, or 
safety quite apart from the supernatural. 

The supernatural is particularly abundant 
in the field of religions. I shall not attempt 
the impossible, viz., a definition of religio: 
We have, however, people who entertain re- 
ligious theories and follow religious rituals 
When I speak of the Jewish, the Christian 
or the Mohammedan religions I refer to the 
theories, practices and attitudes peculiar t 
the people in these religious groups. I think 
we may get somewhere in the discussion if 
we treat religion in this way rather than by 
abstract definition. Most religions have in 
common the view and belief that some time 
somewhere God or gods, supernatural beings 
communicated to man information on thé 
origin and nature of the universe, on the 
origin and nature of man, on the nature and 
control of the forces of nature about us, oD 
the nature of evil, ete. In most cases these 
so-called revelations occurred so long ag 
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that the person or persons receiving them are , 


buried in obscurity and myths. We can not 
analyze the alleged facts and circumstances. 
fortunately, we have in this country two 
recent divine revelations of this type, namely, 
Mormonism on the basis of the Book of Mor- 
mons, and Christian Science on the basis of 
the divine teaching of Mary Baker Eddy. 
These are so recent that the personalities and 
the circumstances involved are not yet en- 
tirely obseured by myths and lore. 

What has science to say to all this? The 
most serious aspect of the supernatural is, 
not the revelations, per se, the miracles, the 
myt hs and the guesses, but the injunction 
that all this must be taken on faith, that in- 
juiry and doubt is tabu-—that is, sin. A 
good deal of ‘‘revealed’’ information about 
the nature of the world and the nature of 
man has proved entirely erroneous. So far 
is the nature of the world and of man is 
oneerned the revelations appear to be noth- 
ing but what could have been projected as 
vuesses by any human contemporary of the 
revelations, on the basis of the knowledge 
and the ignorance of those times. The ‘‘reve- 
lations’’ have been of no aid in the advance 
if real knowledge of cosmogony, physiology, 
physics, chemistry or disease. On the con- 
trary, they have, through human stupidity 


and obscenity, frequently aided in retarda- 


tion. The revelations to Joseph Smith (the 
Book of the Mormons), the repeated revela- 
tions by Jehovah to Brigham Young, and the 
rise of Christian Seience are recent. The 
character, education, intelligence and envi- 
ronment of the people concerned are fairly 
well known. In the hght of all the known 
facts in these instances, is there any intelli- 
vent man or woman to-day, not steeped in 
childhood in the lore of Mormonism or Chris- 
tian Science, who can have any respect for 
such revelations as a source of knowledge? 
When the Mormon leaders received a tip 
‘rom God that polygamy was ordered by him 
ior his chosen people on earth (by the way, 
a revelation that is easy to take by the aver- 
age human male), the United States Govern- 
ment did not hesitate to challenge God, or 
Brigham Young’s sanity and veracity. The 
ederal Government was powerful and ada- 
mant and God yielded through a second 
revelation to the effect that he had changed 


his mind and polygamy was no longer ac- 
cording to the plan of God! In some eases 
the ‘‘revelations’’ are reported as coming 
through dreams; in other cases through brush 
fires; by direct writing of the finger of God 
on stones, or indirectly through oracles, 
popes, the flight of birds and the liver of 
slaughtered bulls. 

The physiologist can not accept revelations 
from dreams any more than he can detect 
wisdom in hallucinations. The brush fire 
may reveal something of the nature of the 
world, but it ean tell us nothing of the origin 
of man or the ways of the good life. The 
supernatural as a way to knowledge is in 
direct conflict with science. 

That many intelligent people of 
both inside and outside the religious groups 
reject much of the anthropomorphism of the 
gods and the more palpably absurd phases 
of the supernatural as a way to understand- 
ing is no news to you. They usually retain a 
distillate of the supernatural in form of be- 
liefs in a ‘‘moral purpose’’ in the universe. 
And having injected human ethics into an 
obviously a-moral universe,” they endow man 
with personal immortality. This refined 
supernaturalism is still essentially anthropo- 
morphie and homocentrie. Even this form 
of the supernatural has no sanction in sci- 
ence or analyzed human needs, as I under- 
stand them. 


to-« lay 


THE CONTENT OF THE SUPERNATURAL 
REVELATIONS 
So far we have considered the supernat- 
ural mainly from the aspect of the way of 
learning, the way of extending knowledge, 
the way of greater approximation to truth. 
A word or two on the content of the super- 
Most of the 
universe, 


natural seems in place here. 
weird stories of creation of the 
animals, man, of divine or demoniacal con- 
tro! of natural forees, of disease, ete., that 
have come to us via the supernatural route 

2 The concept of moral and immoral behavior has 
developed in connection with normal human adults 
or any hypothetical personality, to whom we ascribe 
and a feel 
** 4A-moral’’ 


” 


consciousness of ‘‘right’’ and ‘‘ wrong, 
ing of freedom of choice in behavior. 
signifies the absence of these elements of personality, 
as in the behavior of young children, animals, the 
insane, and the physico-chemical forces of. the uni- 
verse. 
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run contrary to facts now known, or ren- 
dered untenable, as possibilities, by known 
facts. Between the stories in the book of 
Genesis, as an article of faith, and the plane- 
tesimal hypothesis of Chamberlin and Moul- 
ton (probably the greatest intellectual 
achievement so far in the University of 
Chicago) as a working theory, science must 
choose the latter. Divine benevolence and 
wrath, devils and demons are not factors in 
health and disease, according to the data of 
modern medicine. Science and miracles are 
incompatible. Much happens in nature and 
in man for which science has yet no complete 
analysis of the causal chain. We recognize 
the unknown but not the unknowable. When 
we know that we don’t know, that is itself 
an achievement, for then the field is cleared 
of the confusing and obstructing rubbish of 
tradition, and we are free to use all our in- 
genuity and imagination in contriving meth- 
ods to find out. Miracles of sufficiently re- 


cent occurrence so that fair information is’ 


available of the alleged facts and cireum- 
stances are resolved into misrepresentation 
or misinterpretation of the facts. In regard 
to the recurring miracle of changing bread 
and wine into human flesh and blood by 
Christian rituals, biological and biochemical 
tests of the bread and wine after being sub- 
jected to such rituals reveal nothing but the 
original bread and wine. To persons fairly 
familiar with biology and physiology the 
theory of animal and human evolution and 
genetic relations is a closer approximation 
to what happened in the past than any guess 
or story in ‘‘saered books’’ or mythology. I 
have a fair acquaintance with most of them. 
The Theory of dual nature of man (body 
and *‘soul’’) and its equal: The theory of 
personal immortality appears to be partly 
of mythological and supernatural origin, 
partly philosophical. The alleged objective 
evidence of these views is entirely mytholog- 
ical and supernatural, unless we are to dig- 
nify as evidence the ancient and modern 
communications with the dead by clairvoy- 
ance, ‘‘psychic mediums”’ and ‘‘eetoplasm.’’ 
When examined, the ‘‘ectoplasm’’ appears to 
20 the way of all errors and frauds. I know 
these attempts, and I am still skeptical. 
Has science anything to say on the theory 
of personal immortality? The idea of per- 


sistence of the individual after physica 


death came down to us from the ancients in 


most if not all races. What eredibility ar 
we going to give to the idea solely becaus 
of its venerable age? So far as I can see, y 


can give no greater credibility to the an- 
cients’ views on immortality than to thei 


views on other things about which they kney 
nothing. 
vence in man, that is, personality, appear t 
be just as much an evolution of the materia 
world as is the rest of the body processes 
We seem to be forced to this conelusion fron 


the evidence of the intimate dependence o! 
all phases of consciousness, memory, and per- 


sonality on the quantity and quality of th 


nervous system, and these, in turn, depend 


on all the rest of the body mechanisms. 
It is perfectly true that we can cut off a 


arm or leg, remove certain peripheral ganglia 


and even a certain limited part of the centra 


brain without seriously interfering with con- 


sciousness or personality. We can leave tl 


brain structure anatomically 
porarily or alter the individual personalits 
permanently. The data from brain tumors 
brain injuries, drugs, such as sedatives, hy; 
noties and anesthetics, experimental physio! 


ogy, defective heredity, show that there is a 


close correspondence or dependence of con 


sciousness, intelligence, memory or individ. 


uality on the nervous system. 

What is personality? I think biologist: 
would agree, to-day, that one element in pe! 
sonality is heredity, the kind of germplasn 
with which we are endowed at conception 

In the case of man and other mammals tl 
original germplasm is subjected to months | 
intrauterine environment. The latter is 
complex, not simple. Such material factors 
as the constitution, health and food of thi 
mother appear to have a very real influenc: 
on the constitution of the fetus, and after 
birth such material factors as disease, acc: 
dental injuries, food, ete., may further ma- 


terially modify the final product: man 0! 
woman. 
The hereditary personality is further 


modified and built up gradually by exper! 
ence and memory, so that to-day I am 4 
somewhat different person from what I was 
twenty years ago. It seems at least high!) 





Conscious phenomena and intelli. 
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probable, on the basis of biology, physiology 
and medicine, that this experience or the 
cumulative effect of the environment depends 
on changes built up mainly in the nervous 
system. The modifications of the nervous 
system called memory are less stable than the 
hereditary elements of the nervous organiza- 
tion. All the present evidence points to the 
fact that at death the nervous system goes to 
pieces with the rest of the body. Indeed, the 
disintegration of the nervous system, and 
with it the personality, may start before the 
death of the individual. The tragedies of 
‘second childhood,’’ of the aphasias, of 
senile dementia are known to all informed 
people. It doesn’t make any difference 
whether the disintegration is fast or slow. 
We may preserve for a time some externals 
by desiccation, embalming or petrification. 
But fossils and mummies are as dead as the 
ashes of the funeral pyre. I can not con- 
ceive of events and environments in the fu- 
ture that would exactly reproduce my hered- 
ity and personal experience. On the basis of 
the known and the probable, immortality of 
the person is, at present, untenable. Leavy- 
ing, for a moment, the realms of knowledge 
and reason and speaking of personal wishes, 
of likes and dislikes, the wish for personal 
immortality may be an extension of the plea- 
sure in living, sometimes ealled ‘‘the will to 
live.’’? The quantity of these emotions ap- 
pears to vary in different people. Many 
seem to find comfort in the theory of 
‘“‘Nirvana,’’ the state of everlasting uncon- 
sciousness. ‘‘Nirvana’’ may, without trick- 
ery or undue violence to reason, be trans- 
lated into what modern biology indicates as 
the end of the individual, but the ways of 
attaining ‘‘Nirvana’’ appear to me incom- 
patible with the good life here. As for other 
conditions of existence of the individual 
after death, other abodes of the ‘‘souls,’’ the 
sundry infernos arouse in me, not fear, but 
pity and wonder how man can choose to tor- 
ture his mind with such cruel absurdities; 
and I have not seen any heaven described 
where I care to go. My forebears had their 
Valhalla with its mead, its roast pork, its 
combats; the American Indian his happy 
hunting grounds, the followers of Moham- 
med their heaven of houris; the Christian 
has his golden city of many apartments, his 
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worship of 


golden harp and his oriental 


adulation. But hunting means destroying 
fellows not so very different from ourselves. 
A heaven of mead and pork and fights and 
females forever leaves me cold. Flowers, 
though they like ourselves last but for the 
moment, are finer than gold, and justice 
seems a better goal than worship. When the 
shadow lengthens I am content to eall it a 
day and leave the work to others. The pass- 
ing of personal immortality seems to have 
added interest to my work to-day, greater 
interest in my students, in my fellow men, 
in other things that seem worth-while hu- 
man efforts. For when I die, I will be a long 
time dead. 

[ am perfectly well aware that many able 
and fine people inside and outside this hall 
will arise with impatience, if not in anger, 
and say: ‘‘ Your analysis of the supernatural 
refers to an extinct species. It does not ap-— 
ply to religions or religious people of to-day. 
You are belaboring a man of straw.’’ What 
are the facts? Is supernaturalism a thing of 
yesterday? Have the peoples of the earth 
ceased to chant every variant of the tune, 
‘‘The old time religion is good enough for 
me’’? If the orthodox Jew (and that em- 
braces most of the Jews) has dethroned 
Jehovah, and rejected the Bible, I have not 
heard of it. According to the latest news the 
Pope is still God’s viceroy among men and 
the faithful Roman Catholies still believe 
that the voice of the Vatican is the voice of 
God. The acceptance of the whole Bible as 
divine truth is not a rarity among Protestant 
Christians. The God of the Jews, the Chris- 
tians and the Mohammedans in 1930 is not 
a fossil. Enter almost any religious service 
and you get an earful of ancient and modern 
supernaturalism anent the soul, the devil, 
hell and heaven, sin, redemption, almighty 
Gods, angels, divine purposes, prayer. Is the 
supernatural extinct? Take a look on and 
about this campus, and you will find a very 
prolific and very recent growth of chapels 
and churches : edifices, | am delighted to note, 
only in part dedicated to the rituals of the 
‘*God of old.’’ To be sure the supernatural 
is not in our federal constitution. But it is 
not absent from state and municipal codes. 
‘* Acts of God’’ are embalmed in legal lore. 
Physiology and biology can not be taught at 
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public expense in the states of Tennessee, 
Arkansas and Mississippi because it con- 
flicts with ‘‘revelation.’’ Is supernatural- 
ism dead? What I have said here to-night 
would subject me to arrest and imprison- 
ment in the state of Massachusetts, and dis- 
qualify me as a witness in court in at least 
six other states in the Union. Yes, my 
friends, supernaturalism is dead, indeed! 
Let a Jew, a Roman Catholic, a Mohamme- 
dan, or a man of no belief, like myself, run 


for governor in any state south of the Mason, 
and Dixon line (and possibly in some states 


nearer home), or for President of the United 
States and he will discover something! The 
world has, indeed, moved since the days of 
Galileo, but in some places it has not moved 
very far. Why, the handful of liberal and 
informed people who have worked their way 
out of a cocoon of supernaturalism does not 


even make a respectable leaven in the college ' 


graduate group! 

President Hoover, an engineer, and there- 
fore at home in science, stated in his recent 
Thanksgiving proclamation: ‘‘We have been 
blessed with distinctive evidence of Divine 
favor. Asa nation, we have suffered far less 
than other peoples from present world diffi- 
eulties.’’ This statement appears to imply 
that a divinity controls economic contingen- 
cies and rainfall, and either that we as a 
nation are morally more worthy than other 
peoples harder hit by economic and natural 
events of the past year, or else that this di- 
vinity is unfair in deecreeing punishments 
and favors. 


According to several Italian churchmen, 


the recent disastrous earthquakes in Italy 
were caused, not by unbalanced stresses in 
the crust of the earth, but by the Christian 
God, as punishment for the sins of men, wo- 
men and little children in the devastated 
areas! Granted, for the sake of the argu- 
ment, that the bishops are right and modern 
geology is wrong about earthquakes, we may 


still ask for evidence that men, women and. 


little children living in earthquake areas are 
greater sinners than people living elsewhere ; 
and again, if questioning was not tabu, how 
ean a just and loving god institute such in- 
discriminate punishment? How can a just 
and almighty God permit such catastrophes 
to cecur? 


Within the present year five Protestant 
pastors in our neighboring state, Kentucky, 
are reported to have published the following 
statement : ‘‘God will and can answer prayer 
for rain. God has never withheld rain from 
the earth except in a gracious effort to bring 
his own people back to the ways of righteous 
ness and holiness.’’ If there is a God both 
almighty and just, prayer for rain and al! 
kinds of favorable weather anywhere is un- 
assailable. But if rain is sent to earth in pro- 
portion to holiness and prayer to Jehovah, 
the sundry heathens and all worshipers of 
‘*false gods’’ would have a dry time, not to 
speak of plants and animals who, according 
to the Bible, have no souls to pray with 
Unfortunately for that kind of faith, the 
rainfall in heathen Philippines (that is, be- 
fore the introduction of Christianity) was 
greater than in our Christian state of Ten- 
But this question need not be left 


nessee. 
in the realm of faith and controversy. I[t can 
be settled by controlled observation. What 


is the ratio of rainfall to Christian, Jewish, 
Mohammedan or Mormon prayers in various 
lands? The states of Washmeton and Ore- 
gon (west of the Cascades) have more rai 
than has the state of California (west of th 
Sierras). Is this difference due to the wick- 
edness of Hollywood, and the past genera- 
tion of gold diggers, and the holiness of the 
lumberjack? The adherents of the super- 
natural pray and irrigate the arid lands; 
others merely irrigate. The crops seem t 
parallel the irrigation rather than the pray- 
ers. Were it not for supernatural tabus, 
many other supernatural claims could be put 
to the experimental test. It should not be 
much more difficult to determine the efficac) 
of prayer against such diseases as syphilis, 
malaria, diabetes and goiter, than to estab- 
lish the merits of arsenic, quinine, insulin 
and iodine. Not very long ago I read a 
signed public statement by a lady in the state 
of Kansas to the effect that she had seen a 
goiter melt away from the neck of another 
lady during the praying of the Reverend 
Aimee Semple McPherson directed toward 
this end. This appears like direct evidence 
But metabolism tests, neck measurements 
and motion pictures of the ‘‘melting’’ proc- 
ess would go further to convince the skeptics 
What people under intense emotions and } (e- 
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sire to believe think they see has frequently 
no relation to the light that actually impinges 
on the retina. Intense faith as well as in- 
tense fear seem to predispose to hallucina- 
tions in many people. 

The moral efficacy of infant and adult 
baptism could also be tested experimentally, 
although with less accuracy; until better 
quantitative measures of human character 
are worked out. A prominent physiologist 
told me he had done this experiment in 
his own family, having two of his children 
baptized, and keeping the other two chil- 
dren as controls. I will not even mention 
the results, for we draw no conclusion from 
so few experiments, but it might be pointed 
out that identical twins would be the best 
material for this test. Is supernaturalism 
dead? Some Protestant clergymen inform 
us that Jehovah is a prohibitionist, and the 
people who oppose our present prohibition 
of aleoholic beverages are fighting God. 
Some of the Roman Catholics tell us that 
raising grapes and drinking wine is God’s 
plan for man. Such confusion on the celes- 
tial lines of communication ought to provoke 
thought. It seems to induce nothing but 
reciprocal anger. 

Many people take the position that science 
is well and good in the ‘‘material’’ world. 
They would exclude the method and attitude 
of science’from certain fields of human life. 
A prominent New York rabbi said only a few 
days ago: ‘‘Human feelings and emotions 
will remain outside the scope of science for- 
ever.’’ As if the biological sciences, includ- 
ing medicine, have not already produced a 
very respectable body of verifiable data on 
the mechanisms of the emotions. The rela- 
tion of the brain to the emotions is nearly as 
clear as the relations of the kidneys to the 
secretion of urine or the relation of the gullet 
to swallowing. That ecmplete obstruction of 
the gullet will prevent swallowing I do not 
think would be denied even by a rabbi. It is 
a favorite saying that there is more than sci- 
ence in the universe and in human life. We 
grant that. At the present the unknown ex- 
ceeds the known. There is more ignorance 
than science. But is that a cause for exulta- 
tion? Instead of wasting time and energy 


in the futile effort of building fences around 
Science, and in a meticulous labeling of the 


‘‘unknowable,’’ we had better join hands in 
tackling the unknown, not with worship, 
prayer or propitiation, but with the tool of 
science. Here is useful and joyful work for 
everybody. 


THE ETHICS OF THE SUPERNATURAL 

May I make a few concluding remarks on 
the ethics of the supernatural, speaking not 
as a scientist but as a common man? The 
ethies of science is simple: absolute honesty 
in recording and presenting data, and curb- 
ing wishes, personal prejudices and emotions 
by reason in interpreting the data. 

There appears to be a great variety of 
ethics in the supernatural. Looking upon 
the supernatural simply as man’s early 
stumbling attempts at learning, at adjust- 
ment, as flounderings toward greater hap- 
piness, as quests for explanations of the un- 
known, this variety is both inevitable and 
understandable. From this point of view, 
the modern man of science has no essential 
quarrels with Jesus, Confucius, Zoroaster, or 
Buddha. They did the best they could, con- 
sidering the ignorance of their times. We 
ean do no more. But now and then indi- 
vidual champions of the supernatural have 
been either unusually stupid or inordinately 
selfish and cruel. The judgment of posterity 
will be severe on the men who coerced Galileo 
and their brethren of to-day who know or 
might know, yet rivet the shackles of super- 
naturalism on the human mind. For they 
sin against man. It is significant that neither 
Jesus nor his apostles appear to have claimed 
any supernatural authority or absolute wis- 
dom for their sayings or writings. The ig- 
noble doctrine of divine revelation of abso- 
lute truth for all times appears to be a later 
invention. But in Mormonism and Moham- 
medanism it is present with the founders. I 
said: ignoble doctrine. Intellectual tyranny 
is to me as immoral as physical tyranny. 
Stifling freedom of inquiry and of thinking 
by religious tabus or legal dicta appears to 
me highly immoral. 

The view or belief that some one man or 
group of men (such as Brahmins, popes, 
priests, ete.), above all other humans, is 
specially endowed or enlightened to per- 
petuate and advance truth, and mediate be- 
tween gods and man favors tyranny. It 
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seems inimical to knowledge and human dig- 
nity, hence immoral. 

The supernatural theories of ‘‘sin,’’ per- 
sonified evil, redemption, eternal damnation, 
ete., when actually believed, have created 
and are creating much disturbance in man’s 
emotional life, in the way of fear, worry, 
melancholy, if not outright insanity. The 
theory or doctrine of the vicarious atone- 
ment in the Christian religion is not only 


a projection of views and practices of bar- . 


barism into modern life; but it connotes a 
principal of punishment and propitiation at 
variance with modern sense of justice. It 
goes without saying that many Christian 
people are not aware of this. 

If we take a look at the gods, they can be 
understood and condoned as inventions of 
man, at varying stages of social development. 
The fossilization of nearly all so-called sacred 
books by edicts and tradition has brought 
about the anomalous condition that the best 
‘people in many religions to-day are ethically 
superior to their gods. In the recent inva- 
sion of Palestine the modern Israelites have 
shown themselves in treatment of the Arabs, 
by and large, superior to Jehovah of the 
Bible. 

If man as well as his social environment 
remained stationary, static mores might 
serve very well. But social, economic and 
political life appears to be more fluid than 
man. Hence the necessity of continuous 
amendment of the mores. For example, the 
travail of modern life is forcing the prac- 
tice of birth control into the open for a more 
rational and humane settlement, despite the 
thunders from Mount Sinai and the echoes 
thereof from the Vatican Hill. If a physi- 
ologist, in 1930, may venture to reinterpret 
the aphorism of Paul, anent faith, hope and 
charity, it would read something like this: 
Faith is of the past, hope must be chastened 
by experience, charity in modern garb, is 
misdirected benevolence. But there remains 
the endeavor towards understanding, the 
hunger for beauty, the urge for justice— 
these three, and the greatest of the three is 
justice. 

Science nurtures inquiry, the supernatural 
stifles it. The two are in their very essence 
incompatible, but they can apparently co- 
exist in some scientists of the first rank. 


He is 


rarely consistently consistent or consistently 


Man is, indeed, a perplexing animal. 


inconsistent. The crook is  not- always 
crooked, the murderer not always cruel, th 
thief not always greedy. An honorable per- 
son may lie and a liar sometimes tells th 
truth. A shrewd business man may consult 
a soothsayer and be afraid of a black eat 
Most men in early childhood are emotional], 
conditioned to the supernatural, just as the) 
become emotionally conditioned to other ele- 
ments of childhood environment: parents, 
places, playmates, nursery rhymes, the old 
swimming hole, and what not. Retaining 
and recalling these emotions please us 
Adults may be conditioned, but usually with 
less emotional content than the child. Ws 
can be conditioned to science or justice just 
as to the supernatural, but the latter usuall; 
vets there first. The conditioned emotions 
usually outlive one’s intellectual metamor- 
phosis. Their disappearance seems to be a 
slow atrophy of disuse. Many factors appeai 
to enter into the persistence of early condi 
tioning to the supernatural, such as group 
loyalty, the desire to conform to social usage, 
the disinelination to disturb or distress par- 
ents and other intimate friends; social, po- 
litical and financial ambitions, ete. Men als 
appear to differ in the emotional satisfaction 
obtained from the mystic. Additional fac- 
tors, such as individual emotional capacity 

may be operative in making some scientists 
think and work, while others think and work 
and pray. I admit it may be easier for men 
in the physical sciences than for biologists t 
cling to the supernatural, for much of th 
erotesque in the supernatural concerns mal 
and other living things rather than inani- 
mate nature. But even so, it is a fact tha’ 
Rev. Stephen Hale laid the foundation fo: 
the science of hemodynamics, and Fria! 
Mendel discovered fundamental principles 1! 
heredity. So far as I know, the Reverend 
Hale and Friar Mendel were sincere adher 
ents of their respective religious cults. Our 
social heritage, good, bad and indifferent, 
clings to us like the hand and the appendis 
of organic inheritance. Hence, like the pr 

verbial Englishman, we ‘‘muddle’’ but, now 
and then, we ‘‘muddle through.’’ Fear and 
faith have ruled much of man’s past, but the 
millennium is still far, far away. Now let us 








ity, 
ists 
ork 
nen 
5 tt 
the 
nan 
Mnl- 








ae 


SCIENCE AND THE SUPERNATURAL 95 


try what may be accomplished by under- 
taking. Give science a chance. 

I seem to sense a silent sigh from you, say- 
ing: ‘‘Thank God, he is through.’’ I am— 
nearly. Knowing next to nothing about pub- 
lic speaking I consulted an experienced col- 
league, before preparing this talk. He re- 
ferred me to a well-knowiu canon, which 
reads: First, you tell your audience what 
you intend to tell, then you proceed to tell it, 
and lastly you tell what you have just told. 
You may have observed that L have followed 
this advice. I have now reached the lastly. 
Lest I be accused of hiding my real views 
in a plethora of verbiage, I will attempt to 
sum up, in threeseore words, what I tried to 


say in seven thousand: As I see it, the super- 
natural has no support in science, it is in- 
compatible with science, it is frequently an 
active foe of science. It is unnecessary for 
the good life. And yet, the supernatural, in 
varying dilutions, is likely to persist in so- 
ciety for a very long time. The uncondition- 
ing and reconditioning of mankind in funda- 
mentals has been a slow process in the past. 
It may go a little faster in the future. It is 
a matter of forgetting the hypothetical uni- 
verse created out of ignorance and motivated 
by our undisciplined emotions; and a recon- 
ditioning to the actual universe, as gradually 
understood through controlled experience 
and experiment. 





SCIENCE AND HUMANISM 


The current discussion of values in college educa: 
tion seems determined to fix in the public mind a 
distinction between humanistic studies on the one 
hand and scientifie studies on the other. It is a dis- 
tinction that, in fact, does not exist. If the greatest 
humanists of past centuries were to be resurrected 
and introduced to modern knowledge, I think that 
hey would be much more interested in science than 
in critiques on ereative work already done in the 
humanities. They would be disappointed by the wide 
turn in college from creative work to talk about it; 
and they would doubt the purposes that are to be 
served in any civilization by such ‘‘exercises.’’ They 
would deplore the glibness and cocksureness that gen- 
erally mark men who graduate under glib and cock- 
sure teachers absorbed in the study of dialectics to 
the neglect of judgment. They would be more in- 
clined to enquire about the steps by which men 
reached the point of discovery and relationships of 
forees until recently unknown, and of textual inter- 
pretations unguessed by their They 
would be interested in the mental climates of sue- 
cessive decades that preceded given discoveries. They 
would want to know about the critical effects of a 
given enquiry upon further enquiry and the mental 
saltations and sequences that enabled a man to reach 
the goal of an important discovery. 

I feel sure that they would also ask about the 
social consequences. They would probably be amazed 
at the extent to which these consequences are ne- 
glected by schoolmen, industrialists, and statesmen 
alike, until they are fastened upon the people. They 
might end by regretting, as we do, that social under- 
standing and control have lagged behind the physical 
and biological sciences. But I cannot imagine them 
regretting that discoveries had been made. On the 
contrary, I think of them as wishing to jump in and 
help further discovery along and greatly excited by 
the opportunity. 


precursors. 


Put in another way, these humanists of an earlier 
period would say that the thing of chief interest to 
them is discovery, and that new knowledge bearing. 
on life and civilization is just as important in our 
already complex times as in past times. I cannot 
believe that we have made a sound educational plan, 
or improved our more or less established college eur- 
ricula, until we have rubbed out the line that com- 
mentators keep drawing between the sciences and the 
humanities. It is the constant interplay between the 
new and the old, whatever the kind of knowledge it 
may be, between the accepted interpretation of past 
experience and the challenge to interpretation of 
present discovery, that gives us a balanced judgment 
and a wider and sounder application of knowledge 
to life. 

It is for this reason in part that the history of 
science becomes of increasing importance. It is also 
for this reason that the training of men in the sei- 
ences in our graduate schools should not be merely 
professional or technical. It is neither safe nor true 
to draw generalizations about the deficiency of scien- 
tists or of humanists as groups: find bad 
What is important is that 
we should reduce the number of such bad examples. 
We should make a Ph.D. mean something more than 
proficiency in a small sector of a great subject. A 


one can 


examples in either group. 


man should be capable of thinking about the mean 
ings and the applications of his science, and not 
merely about a job in teaching ‘‘courses’’ or ad 
salary in an industry by knowing 


He should be expected to 


vancement in 
enough to hold his job. 
see the importance of the great thresholds of scien 
tific discovery and of humanistic interpretation and 
he should be eager to cross them and feel the excite- 
ment of the search.—From the Annual Report (for 
1948) to the Trustees of The Johns Hopkins Univer 
sity by President Isaiah Bowman, predecessor of Dr. 
Carlson as President of the A.A.A.S. 











PRECIPITATION AND STREAM FLOW 


By CLARENCE S. JARVIS 


Lona before the introduction of systematic 
snow surveys, irrigation farmers had under- 
taken the appraisal of their prospects for 
water supply by noting the snow accumula- 
tions on mountain passes and on the slopes 
visible from the valleys. Actual rainfall ree- 
ords, including all forms of precipitation, to- 
gether with well-organized snow surveys 
among the headwaters areas, now furnish the 
essential information for making the planted 
acreage proportional to the prospective water 
supply. 

In some instances glacier-fed rivers have 
shown apparent disregard for the current 
season’s snowfall. For example, in a year 
of drought the more abundant sunshine 
should insure greater melting of the ice sur- 
face, thus compensating in some degree for 
the deficient snow cover elsewhere. The 
almost universal trend among glaciers ob- 
served in recent years seems to be recession 
of several feet per decade. This may indi- 
eate either a decrease of precipitation or an 
increase of sunshine, or possibly both of these 
tendencies as compared with long-period 
averages heretofore. 

In general, stream flow represents some 
fraction of the precipitation of the current 
year or season, together with some of the 
storage accumulated in previous months or 
even years. Some hydrologists prefer to re- 
gard the runoff as a residue, after the various 
losses have been subtracted from precipita- 
tion in all of its various forms. Assuming 
that the precipitation is known, and also the 
temperature, humidity, wind movement, and 
hours of sunshine, a fairly satisfactory esti- 
mate may be ventured regarding evaporation 
from free water surfaces, from the soil, from 
foliage and other surfaces of vegetation by 
transpiration, and its counterpart from ice 
or snow surfaces by which the moisture is 
transferred to the atmosphere through subli- 
mation. After a few hours of drying winds, 
a snow or ice surface may become honey- 
combed, as a preliminary to its complete 
absorption into the atmosphere. 
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Mississippi valley rainfall and runoff. It 
has been officially determined by the United 
States Weather Bureau that the average an- 
nual precipitation over the Mississippi River 
drainage basin is 30.1 inches, and it has been 
disclosed by the publications of other Fed- 
eral agencies that the average discharge, or 
surface runoff, amounts to approximately 6.9 
inches over the entire basin, or 23 per cent 0! 
the rainfall in all its forms. The remaining 
77 per cent evidently returns to the ocean 
or escapes from the Mississippi Valley main]; 
as atmospheric moisture, and in minor 
amounts as seeps and springs. 

Evaluation of this fundamental datum 0! 
annual runoff depth for the average year is 
but a beginning in the study of stream dis- 
charge. The wide variations in stage and 
flow from extreme drought conditions to high 
flood, or from month to month and from day 
to day, all are important and predictable in 
varying degrees, as has been demonstrated 
by many years of notable flood forecasting 
and associated hydrologic service. Ex 
pressed in terms of the past 70-year mean 
discharge, the maximum and minimum 
values for the Mississippi River at or near 
its mouths would be 2,440,000 and 102,000 
eubie feet per second (c.f.s.), as compared 
with a mean of 635,000 ¢.f.s. It should b: 
recalled that more than three times the mean 
discharge is escaping in the meanwhile to tli 
ocean or to adjoining drainage basins b) 
atmospheric movement following evapora- 
tion or through underground channels. 

Probably the increased opportunity for 
evaporation afforded by irrigation and other 
water utilization projects, including their 
creat storage reservoirs and canal systems, 
may represent about 4 per cent of the 
mean discharge at the Mississippi River 
mouths, or nearly 1 per cent of the total 
precipitation. This subtraction from river 
discharge only partially compensates for the 
increased runoff due to the drainage of natu 
ral lakes and swamps, the clearing of for- 
ested areas, and the cultivation of meadow 
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or range lands, with attendant soil erosion, 
and gullying; all of which aggravate the 


I ] 


flood menace. 


Variability of discharge. In view of the 
dearth of actual records on many of the great 
river systems, and also because of the diffi- 
culties encountered in obtaining such frag- 
mentary data as have been assembled in 
many foreign languages, the discharge habits 
of many obseure river systems have remained 
enshrouded in mystery. Recent accessions 
of actual discharge records, however, have 
supplied the required basic information on 
which to compute, estimate, or interpolate 
preliminary values of some of the hitherto 
missing quantities. One of the disturbing 
influences is the widely varying duration 
of records, with different terminal dates. 
Consequently the means thus provided may 
reflect periods in which either subnormal or 
excessive rainfall occurred. 

Table 1 shows the variability of discharge 

TABLE 1 
CHARACTERISTICS OF SELECTED RIVERS 





Mean annual— 
————___—_____— Variabil- 
River Precipi- Runoff ity of dis- 
} “P Runoff | factor | ** 
tation (R) charge 
(P) 
Inches Inches R/P Maz./Min. 
Amazon 64 19 30 9 
Colorado 13.0 1.3 10 438 
Columbia 29.0 14.4 50 20 
Mo.-Miss. 30.1 6.9 23. SCs 24 
Nile j 32 1.2 3.7 160 
Ohio 44.2 18.3 4] 75 
St. Lawrence 35.0 12.5 36 6 
Tennessee 50.0 22.9 46 97 
Volga 17 3.8 22 60 
Yukon 14.0 9.0 64 25 














for selected river systems; that is, the maxi- 
mum divided by the minimum discharge. 
Obviously, this method of comparison would 
not serve for rivers that go dry, as the quo- 
tient of any integer divided by zero would 
be infinitely large. Owing to storage of its 
water in the Great Lakes, the St. Lawrence 
shows a variation of only 6 between maxi- 
mum and minimum discharge in contrast 
with slightly more than 1,000, 2,000, and 
3,000, respectively, for the Potomac, Hum- 
boldt, and Brazos Rivers. 


If undisturbed by man, the flow from a 
typical mountain brook at the edge of a 
desert region may extend a considerable dis- 
tance into the arid basin in the early morn- 
ing and to lesser distances as the evaporation 
increases with the heat of the day. This 
illustrates on a small scale some of the 
changes to which large river systems are sub- 
ject along their long, tortuous courses. Thus 
the drainage area of the Nile has a mean an- 
nual rainfall of about 32 inches, but the river 
actually delivers only 1.2 inches to the lower 
delta region, or barely 4 per cent of the 
rainfall. However, if the measurements were 
confined to the headwaters astride the equa- 
tor, the rainfall would be found to exceed 60 
inches, and the runoff would probably reach 
at least 30 inches because the water rushes 
down steep mountain slopes of Kilamanjaro 
and other mountain peaks rising to eleva- 
tions of three miles or more above sea level. 
A higher runoff would be prevented by 
transpiration from the dense jungle growth 
and by evaporation from storage water in 
Lakes Victoria and Albert, as well as from 
extensive marshes along the river channel. 
That moaest 4 per cent of the annual rain- 
fall, which habitually caused the Nile to over- 
flow and irrigate the rich valley and delta 
lands, practically always insured abundant 
harvests, so that it could be said generally 
throughout the centuries, ‘‘There is corn in 
Egypt.”’ 

As for the other 30.7 inches of moisture 
supplied by rainfall over the broad expanse 
of the Nile River basin—only about 10 per 
cent less than the Mississippi Basin in area— 
who can say that it represents absolute loss? 
How many of the oases are supplied by the 
underflow from valley fill or from stratified 
rock formations? How many of the fresh- 
ening showers of Eastern Africa, Arabia, 
and Palestine originated in Nile Valley 
evaporation? And how about the bountiful 
forest and agricultural products of the 
Upper Nile basin? 


Comparison of outstanding river systems. 
In the higher latitudes, where annual pre- 
cipitation is mainly in the form of snow and 
is usually limited to equivalent rainfall of 
16 inches or less, except for mountainous 
country, the perpetually frozen subsoil pre- 
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cludes loss into deep formations, and the re- 
duced evaporation limits losses into the at- 
mosphere, thus increasing the runoff factor. 
For such conditions, the runoff will generally 
represent 30 to 60 per cent of the precipita- 
tion, depending on local factors such as sum- 
mer temperatures, humidity, wind move- 
ment, and exposed free water surface. In 
contrast, from many of the river basins in 
equatorial regions less than 30 per cent of 
the rainfall runs off, because the dense jungle 
vrowth returns as much moisture to the at- 
mosphere as would a free water surface, or 
occasionally more. Who can deny the sug- 
gestion that the successive afternoon torren- 
tial downpours of the tropics merely precipi- 
tate the transpiration and evaporation of the 
previous day in neighboring jungles? 

Determination of drainage areas naturally 
requires the use and interpretation of the 
best available maps. The main channel 
length necessarily includes the midstream 
distances around bends of both the main 
river channel and also the principal tribu- 
tary among the headwaters, even though they 
may have different names. The lengths com- 
pared are those of the channels along the 
main stems of the river systems, from source 
to mouth. The longest river channel is the 
Missouri-Mississippi, with the Amazon and 
Nile coming next in order, each 4,000 miles 
or more. The mouth of rivers flowing into 
the ocean is to be regarded as a point near, 
but not in, an estuary. 

One of the familiar items of elementary 
school geography has to do with the Orinoco 
headwaters, one portion turning southward 
into the Rio Negro, a tributary of the Ama- 
zon, thus making an inland waterway con- 
necting the two river systems, particularly 
during the season of high water. Similarly, 
but in somewhat less degree, light draft 
boats may pass from the headwaters of the 
Guapore branch of the Amazon’s great Ma- 
deira River to the Paraguay River system. 

The La Plata River is essentially an estu- 
ary, disturbed by tidal movements through- 
out its 200-mile length. The discharge of 
the La Plata is taken as the summation of 
discharges from its tributaries, such as the 
Uruguay and the Parana, including the 
Paraguay. Naturally, the length of channel 
includes that of the Parana to its headwaters 


on the slopes of a mountain almost within 
view of the heights overlooking Rio de 
Janeiro. The Iguassu or Curitaba River, a 
tributary of the Parana, plunges over falls 
much higher (210 feet) than those of Niag- 
ara, with considerably greater flood volume, 
but probably lower mean flow. 


Value of fragmentary data. Where the 
basic data are scanty, incomplete, or of un- 
certain quality, as for the inland basin drain- 
ing into the saline Sea of Aral, a valuable 
elue or check is afforded by equating the 
evaporation from the expanse of free water 
surface against the runoff from the moun- 
tainous rim and inereasingly arid plains ap- 
proaching the saline sink. If the total drain- 
age area is 40 times the area of the inland 
sea, and if the average annual evaporation 
for the globe is applicable, say about 40 
inches, then the runoff from the total drain- 
age area would obviously be one inch in 
depth for the same period. But for the Sea 
of Aral, about 50 degrees North Latitude, and 
with climatic characteristics, especially tem- 
perature, somewhere between those of Tash- 
kend and Turgai, U.S.S.R., in what was for- 
merly Turkestan, it is probable that some- 
what less than the average evaporation rates 
for the globe would prevail there, and that 
the runoff would consequently be somewhat 
less than one inch. Similarly, evaporation 
from the Dead Sea of Palestine, with its sur- 
face nearly a quarter of a mile below sea- 
level and with subtropical temperature and 
aridity generally prevailing, must be of the 
order of 50 inches per year; and this agrees 
with the volume of runoff, 3.7 inches, as de- 
termined for this basin, of which the Jordan 
River is the chief contributor. 

Uncertainty attaches to the estimates 0! 
mean annual precipitation over large drain- 
age basins, even where numerous station rec- 
ords are available, inasmuch as the remote or 
thinly settled areas, such as jungles and high 
mountain slopes, possibly receiving the heavi- 
est rainfall, may have inadequate represen- 
tation among the basie reeords. Further- 
more, the occasional gagings of remote riv- 
ers and tributaries may depart widely from 
the long-period means. 

Hardly a season or a year passes without 
the establishment of new records in high or 
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iow rainfall and associated river discharge, 
in various parts of every continent. It is 
well known that subnormal rainfall in two 
or more successive years aggravates the 
shortage of runoff, because the underground 
reservoir has been depleted and not refilled 
to its eustomary level. Conversely, sueces- 
sive years of excessive rainfall not only refill 
the usual underground storage space, but 
also develop new ones, so that the high or 
low river discharge of a series of abnormal 
years must be explained partly with refer- 
ence to the year or two preceding. An out- 
standing example is the Mississippi River 
flood of April 1927, which was actually form- 
ing and giving cause for concern, if not 
alarm, months before its culmination. For- 
tunately, the Federal agencies as well as the 
local municipalities whose duties include pro- 
vision against catastrophes associated with 
excessive river flow or with severe shortage 
have taken to heart the lessons of the past 
and have endeavored to make ample provi- 
sion against recurrence of such happenings 
without forewarnings to all concerned. In 
such emergencies they have to integrate the 
fragmentary data as they become available 
and then draw conclusions based largely on 
previous experience under conditions ap- 
proaching those under observation. It is re- 
markable how their forecasts are usually 
borne out, several hours or even days later. 


Mean annual precipitation and evapora- 
tion over the globe. A coincidence worth 
noting is that both the evaporation from a 
free water surface and the precipitation for 
the average year at Washington, D. C., are 
about 40 inches, or nearly the mean for the 
entire globe. In high latitudes as well as at 
high altitudes, the total annual evaporation 
in all its forms may be as low as 6 inches, 
largely due to the low temperature and to 
the correspondingly restricted moisture ca- 
pacity of the atmosphere. In desert regions 
near the tropies, the annual evaporation may 
exceed 80 inches from a free water surface, 
particularly for shallow depths that may be 
warmed each day of bright sunshine. 

Under desert conditions the free water sur- 
face of river systems is either reduced in area 
or else subjected to heavy toll. From each 


ecasional shower the sandy soil absorbs a 


generous portion for storage at depth while 
the surface dries and provides the needed 
insulation. Only by reason of the small area 
of free water surface relative to the total 
drainage area, can a river like the Nile, the 
Niger, the Colorado, or the Rio Grande de- 
liver any considerable volume after meander- 
ing nearly 1,000 miles through country of 
such pronounced aridity that water lost by 
evaporation exceeds by four or more times 
the actual rainfall of the lower valley. 


Storage losses. The penalty paid for regu- 
lation of the Rio Grande by storage in Ele- 
phant Butte Reservoir amounts to some 20 
per cent of the mean flow, and it is well 
worth while at that price. Similarly, Nile 
River regulation through storage at Aswan 
probably exacts a toll of about 6 per cent. 
However, the total storage from the Aswan 
Reservoir to the headwaters in reedy swamps, 
natural lakes, or recently constructed reser- 
voirs permits evaporation of possibly double 
or treble the volume that now reaches Aswan 
for use in the delta regions. No one can 
reasonably deny that the 4 per cent of the 
rainfall regulated at Aswan is more valuable 
than would be 16 per cent of unregulated, 
highly variable discharge that would en- 
danger the economy of the entire alluvial 
valley, along with life as well. 

The great depth of Lake Mead above 
Boulder Dam on the Colorado River is one 
of the factors accountable for keeping the 
storage losses in that reservoir at somewhat 
less than 10 per cent of the inflow. If the 
regulation had cost 40 per cent instead, it 
would still have been worth while, for un- 
doubtedly some of it would return as rainfall 
to the same basin. 

After observing the general inundation 
along the lower Potomac River and over 
Potomac Park, including some residential 
and business districts in Mareh 1936, who 
would have imagined that the flow would 
ever diminish to such a low stage as to 
threaten shortage in the municipal water 
supply for the District of Columbia and ad- 
joining metropolitan areas? It is generally 
known and accepted that adequate storage 
for regulation of the Potomae River can ecor- 
rect both situations. 

An important factor in storage and chan- 
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nel loss is infiltration of water into the sedi- 
mentary deposits of bed and banks, thence 
to emerge at lower elevations in either the 
same valley or neighboring basins and to 
supply seeps, springs, water tables within 
reach of roots, or even outcropping at some 
oasis or depression. Such underground stor- 
age and distribution systems, under pressure 
in artesian areas and largely exempt from 
the usual losses to which surface streams and 
storage are subjected, have thus far been 
traced, utilized, and appreciated only in 
part; but what rich dividends the geologists 
have brought forth from this field! 


Rivers of Greenland. The Greenland Ice- 
cap may be regarded as the principal river 
of that island-continent, with mouths or out- 
lets leading down to the coast in all direec- 
tions. Under the pent-up pressure devel- 
oped by hundreds or perhaps thousands of 
feet of ice and snow column, the cap yields 
to plastic flow; and when the overhang is 
sufficient, end-slices of the mammoth layer- 
cake are sheared off by their own weight into 
the sea. Occasionally the intact carcass of 
some form of life is disclosed as the icebergs 
melt; but the chill induced in the neighbor- 
hood of these floating masses, and the asso- 
ciated fogs that add further hazards to 
navigation and observation, have kept such 
discoveries as very rare happenings. There- 
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fore many a page of natural history has been 
turned but to melt unseen and likely never 
to be read. If the runoff from Greenland 
only keeps pace with the mean annual pre 
cipitation, it is probably nearly 12 inches per 
year, while evaporation and sublimation to. 
gether would account for nearly 6 inches: 
but no one has determined whether the ice- 
accumulation reserves of past ages are being 
either augmented or overdrawn during th 
average year. 

Wherever the mountain 
precipitation are sufficient, icecaps in minia. 
ture are to be found, even near the equator, 
from the southern island of New Zealand t 
the principal mountain ranges of the Amer- 
icas, and from the Himalayas to the Alps 
providing very important and valuable ad 
juncts to the regulatory storage, and capable 
of functioning apparently as well in years 
of drought as in seasons of plenty, with vol 
ume of yield and time of delivery fairly pri 
dictable months in advance, and therefor 
encouraging comprehensive planning for 
complete utilization. And as to the river 
systems with spring sources on the plains 
and lowlands, how many of them depend 
upon high mountain basins, connected by 
underground channels, even though they be 
either the joints and planes of stratification 
or porous sedimentary rocks, yielding to 
enormous water pressures from highlands? 


elevations and 
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hity inches. 
as in Royal Palm Park near Redlands, and 
further north there are many cabbage-palm 
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II. FIVE NATIVE CABINET WOODS 


By JOHN C. 


Woops that are regarded as suitable for 
e construction of fine household furniture 
e called cabinet woods. Such woods are 
erally characterized by beauty of finished 
rain, by strength and hardness, and by 
laptability to carving. 
teristies of heartwood from the five species 


These are the char 


trees to be described in this article: 


vsiloma, mahogany, fishpoison-tree, false- 
istic, and lignumvitae. 

In South Florida these trees are found in 
wooded areas that Floridians call hammocks, 
Indian origin, that 


confused with hummock; 


name, probably of 
should not be 


althoueh sometimes a hammock island in a 


prairie looks like a hummock or small hill. 
The word hammock refers to a mixed growth 


of hardwood trees occurring in tropical coun- 
tries wherever the annual rainfall is about 


Sometimes palms are included, 


areas, which are also called hammocks. 


I do not eall attention to these five cabinet 
oods for the purpose of establishing wood- 
orking industries. An outside market for 


the wood is not needed since all that we have 


The sole 
urpose of this paper is to direct attention 
the fact that these woods are native, that 

‘y can be grown easily in South Florida, 


as been, and can be, used locally. 


nd that the trees now remaining should be 
‘otected to prevent their extermination. 


LYSILOMA 


Lvsiloma, like casuarina, is a generic name 
hich, at least among foresters, has become 

common name of Lysiloma bahamensis 
nth. Foresters object to the more preva- 


t name ‘‘ wild-tamarind’’ because lysiloma 
not a tamarind. 


s called, it yields a valuable cabinet wood, 


But by whatever name 


mbining the virtues of black walnut and 
ihogany. 
rd, tough, close-grained, rich dark brown 
ved with red, and with a white sapwood. 


The wood of lvsiloma is heavy, 


Continued from p. 28 of the preceding issue. 
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GIFFORD 


It iS occasionalls se 1 and valued for ship 
building, and a wood that is used for ship 
building must be good 

Like lebbek, deseribed in Part I, lvsiloma 
is a leguminous tree. Its foliage is light and 
fernlike and is often a beautiful reddish color 
like that of the mango and other tropical 
leafage when young and tender. Lysiloma 
bears white flowers, about one-third of an 
inch long, in dense heads. The fruit is a 
thin and papery pod containing many dark 
brown ‘‘beans’’ about half an inch in length. 





LYSILOMA 


FEATHERY LEAVES OF 


Although limited in its distribution, Lys! 
loma is one of the hardiest trees in South 
Florida. 


better than many other species. A heavy 


It has withstood fire and hurricane 


seeder even when voung, it would, if encour 
aged, soon cover our rocky inland keys and 
our shore keys with a rich mantle of green 
wood of 


Lysiloma not only provides a 


beauty and durability, but is useful, like 
lebbek, for increasing soil fertility through 
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the fixation of atmospheric nitrogen by the 
bacteria on its roots. Mahogany would grow 
In association with Ivsiloma and would be 
benefited by it. Ly siloma could also supply 


shade needed in tropical agriculture. In 


spite of its many virtues, lysiloma has at- 
tracted little attention and all the economic 
literature relating to it would hardly fill a 
printed book page. 

There were once some very large lysiloma 
trees in a hammock in Miami—now Simpson 
Park—and they are still quite common in the 
hammocks of the Redland District and on the 
keys. Fortunate as we are in having this 
rare, majestic, and useful tree in our ham- 
mocks, it seems strange that we have never 
appreciated it; on the contrary, we have cut 
and burned it as if it were a useless weed. 
Many logs of this precious wood have rotted 
in the forest and some big trees, killed by 
fire or girdled to make way for the growing 
of truck crops, are still standing although 


a 
a 


A GROUP OF LYSILOMA 


THE SCIENTIF 


TREES SHOWING 
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long dead and bare. On the keys, whe 
hardwood forests were destroyed long a 
to clear land for growing tomatoes (tl 


could have been grown on prairie land 
stead), young lysilomas are spreading by t 
thousands to repair the damage. 

Almost every tropical country has a 


euminous tree that it fosters and cherish: 


The lysiloma is still waiting to be discover: 


in South Florida. 


MAHOGANY 


Floridian mahogany is now in such great 


demand for furniture and boat constructi 
that every acre of wild land is being search 


for trees. 


Airplane reconnaissance is nov 


being used to spot the big trees in the densi 


hammock islands in the mangrove swamps 


Unknown to the public is a spot in Sout 
Florida where a group of virgin mahogani 


is surrounded by swamp. 
three or more feet in diameter, breast hig 
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A BRANCH OF MAHOGANY SHOWING LEAVES, FRUIT, AND SEEDS 
THE MAPLE, ROTATING AND DISPERSING AS THEY FALL. 


SEEDS (RIGHT) ARE WINGED LIKE THOSE OF 


They are broad-spreading with humus a foot 
or more in depth beneath. Living in the 
surface duff are rats, which no doubt feed 
on the seeds of the mahogany and _ false- 
Rattle- 


Lysilomas 


mastic trees, and also on tree snails. 
shakes in turn feed upon the rats. 
aud fishpoison-trees are also present. Per 


haps there are other such spots that might 


be preserved to show this and coming gen- 
erations what once was widespread. We fail 
to realize that the landscape is constantly 


‘hanging through man’s interference, and 
what some of us saw in the Florida of old 


never be seen again. 
Mahogany is so well and favorably known 


it many other woods have taken its name 
vain. It has been hard to convince people 
mahogany is 


that the genuine, old-time 
ve to Florida; that it was, in faet, com- 
mon at one time here. Botanists have known 
In the winter of 1942 
unusual cold weather killed unprotected 


lor many years. 


etables, yet the mahogany was not in- 
d, indieating that it might be grown even 
er north than its present range. 
e mahogany of Florida (Swietenia ma 
mi Jaeq.) is heavier than the mahogany 


‘ lexico and Central America (Swietenia 


macrophylla), and the former is superior 
for the manufacture of slender parts of 
It has 


been used for many Vears for the rails ot 


furniture, such as the lees of chairs. 


boats and of late in the manufacture of very 
solid revolving chairs for deep-sea fishing. 
The rich, reddish brown Floridian mahogany 
is often specked with small black spots which 
disappear to some extent as the wood darkens 
with age. For many people the beauty of 
the wood is enhanced by these spots. 

The flowers of the mahogany are ineon 
spicuous, vet they ultimately produce pods 
These open from 
the bottom, shedding many winged seeds, 


the size of turkeys’ eggs. 
which look lke the seeds of a maple tree 
Of all our trees, few are greater seed-pro 
ducers and few can germinate and grow on 
rough, rocky soil as freely as the native 
mahogany. The winged seeds, rotating as 
they fall, are so retarded in their descent that 
they are widely spread by the wind. As 
cattle do not eat the bitter foliage of ma- 
hogany, it tends to gain ground in pastures 

The mahogany tree is not so slow to grow 
as is ordinarily supposed. Hard, heavy wood 
does not necessarily mean slow growth. The 


northern black locust is a hard and heavy 
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wood and vet it is one of our quickest 


growers. | have known mahogany on medi 


ocre soil in Florida close by the sea to add 


one inch in diameter each vear. In rich, 


moist soil it is a fast with a broad 


erower 


spread of dense foliage. When growing in 


an uncrowded location, it has massive limbs. 
These 


boats as 


limbs are unexeelled for the ribs of 


well as for furniture, because a 
beautiful crotch erain occurs where the limbs 
join the trunk 


Mahogany 


and the tree on 


Is a vardstick for other woods, 


urn compares favorably with 


the live oak for grace and sturdiness. After 
a recent cold snap some of the mahoganies on 
the mainland dropped their leaves. There 


soon followed a fine crop of pale green leaves, 
some tinged with red. This interruption in 
erowth probably produced a distinct ring in 
the wood which would give it a variety of 
wood further south where 


erain lacking in 


erowth is continuous, 
F ISHPOISON-TREE 
Piseidia 


Harms, is more commonly known 


The communis 
(Blake ) 
as the Jamaica-dogwood, but botanists reject 


the latter 


fish poison-t ree, 


name because it is misleading. 





FISH POISON-TREE 


LEAVES OF THE 
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Piscidia 


the well-known 


communis in no Way resen 


flowerine doe wood, Co 
florida. Moreover, it does not really be] 
to Jamaica, since it is one of our Commo) 
hammock trees and is found also in Yuea 
for the uses of 


Trees were often named 


wood. As various pieces of wood use 
implements and machines were ¢a 
‘“dogs,’’ any wood, regardless of botai 


origin, that might be used as a ‘‘doe’’ « 


be ealled doe wood. However. botanists l 


prefer to restrict ‘‘dogwood’’ to species ot 
Cornus, 

As the name indicates, the fishpoison-tre 
has been used principally to stupify fis! 
order to catch them easily. The roots « 
number of other tropical leguminous trees 
and shrubs have also been used for this pu 
The bark of th 


root is pounded into a pulp, put into a basket 


pose throughout the world. 


Sometimes it 
_ ci 
lhe fis! 


soon come to the surface, inactivated by cer- 


and lowered into a fish hole. 


is merely thrown into the water. 


tain toxic substances washed from the bark 
This practice was probably learned from th: 
Indians. It does not kill the large fish but is 
fatal to the small ones. Although some fis! 
poisoning plants, such as derris and cube 
have become important as sources of insect 
cides, the fishpoison-tree has not show 
promise for this purpose. 

The fishpoison-tree was much used vears 
avo for timbers in boat construction. One 
on the keys, two brothers wanted a_ne\ 
boat. They had settled on Pensacola velloy 
pine for the planking, but could not agree o1 
the kind of wood for the ribs. One insiste 
Florida 


hogany ; the other insisted on 


on ‘*madeira,’’ the name for ma 
**doewood.’ 
[I acted as mediator, and it was finally d 
cided to put the ribs close together, alter 
nating mahogany and ‘‘dogwood.’’ Althoug! 
that was twenty-five vears ago, the boat st 

floats, and all the ribs are still solid. Th 
fishpoison-tree will be important someday 

The faet that it 
has been used for the ribs of boats, the fellies 


the forestry ot the tropics. 


of wheels, and the frames of vehicles speaks 
for its strength and durability. 

The fishpoison-tree has luxuriant leafag' 
and bears masses of small, pea-like, w 
The fruit consists 
light-brown = pods 


flowers tinged with red. 


of broad, four-winged, 
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Regeneration is good in the regions where — half-inch in length. It is eaten by var 
it is native and many seedlings are to be animals but is not fit for human consumpt 
found in spite of cuttings and fires. There The bark is dark gray, sometimes | 
are two distinct forms of this tree in South brown, forming in plate-like scales. 
Florida, hardly different enough to warrant tree is usually tall and straight. 


the formation of another species. False-mastie extends northward on the 
coast of Florida as far as Cape Canay 
}’ALSE- MASTIC and is common in Cuba and the Bah: 


False-mastic (Siderorylon foetidissimum Islands. This tree, in fact all trees here n 
Jacq.), like lignumvitae, vields a wood that tioned, are such good seed producers that ; 
person desiring’ to produce these trees 


is heavy enough to sink in water. The 
quantity would have no trouble in fin 


venerie name means ironwood. ‘‘Mastie’’ in 


the common name indicates that this tree also seeds locally. 


yields a gum, which is found particularly in LIGNUMVITAE 

the fruits. The yellowish or orange wood of Lignumvitae, the ‘‘wood of life,’’ is s 

the false-mastic is hard, strong, and durable. ealled because at one time the gum in 
False-mastie grows in abundance in Snap- wood was considered one of the most v: 


per Creek Hammock and other hammocks in able medicines of the world. The nam 
South Florida. I called these trees to the — this resin, guaiacum, is also the generic nai 


attention of Mr. W. 
much surprised and elated at the size of these Guaiacum is obtained by soaking the saw 


J. Matheson. He wasso of lignumvitae (Guaiacum sanctum L 


‘‘mastic’’ trees that he bought the land and and chips in alcohol or ether. Tears of 
willed it to the county. It is now a popular resin exude from wounds on the livine ti 
park known as Matheson Hammock. With the probable exception of leady 

The flowers of false-mastic are inconspicu- or ‘‘Florida  ironwood,’’ Krugioden: 
ous. The fruit, which is usually abundant in ferreum (Vahl) Urban, lignumvitae is 
the spring, is about an inch long with a tough heaviest wood growing in the United Stat 
skin and thin flesh covering a seed about a It weighs about 80 pounds per eubie foot 
has a specific gravity of 1.82. 

One of the Florida keys is called Ligi 
Vitae Key because this tree was once pl 
ful there. I have found it on Big Pine K 
Key Largo, and other keys, but this inte 
ing and valuable tree is rapidly passing. 
the battle against axe and fire any tree 1 
produce an immense amount of seed in 01 
to survive. In spite of a constant dem 
however, a tree now and then may be see 
secluded places. The wood is still sold by 
pound and is probably the most valuab! 
all commercial woods. Because of its to 
ness there is probably no wood with a gre 
variety of special uses. Its earliest use 
in the manufacture of sheaths for s 
blocks. In the days of sailing vessels t 
blocks were essential, and for many years 
woods by tidewater in Florida were use 
ship construction by at least three nat 
not to mention pirates and other out! 
Of all the special parts of a ship deman 





special woods, none was more important 
the ship’s blocks, through which the 1 


A HAMMOCK PATH, SIMPSON PARK : 
THE YOUNG TREES ON THE RIGHT ARE LIGNUMVITAE. eould run easily without the dange1 
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TREES OF SOUTH 


eaking under the great strain. Later in 

» days of steamships lignumvitae was used 

; bushings for lining the tubes of propeller 
afts—a most important and exacting ap- 
lication. Today it serves for mallets, tenpin 
alls, castors for furniture, brush backs, and 
host of similar uses. Its wood fibers are 
iterlaced in such a way that it never splits. 
The tree is short and stout. It occurs in 
the shade in mixture with other plants. It is 


of slow growth and in some places looks as 


It is often fresh ereen 


seared by 


tough as its wood. 
when other plants have been 
drought. Three or four flowers under an 
neh in diameter are produced at the ends 
The color of these delicate 
flowers varies in shades of blue. The fruit is 
roundish, less than an inch in diameter, and 
is bright orange when ripe. 
seeds covered with a searlet coat. 

As a plant for future landscape architee- 
ture and forestry in the tropics, it probably 
should have an important place. In the 
West Indies many lignumvitae trees persist, 
but in the State of Florida it will soon be a 
thing of the past unless preserved by those 
vho are interested in useful native trees. 


of the branches. 


Inside are black 


TREATMENT OF CABINET Woops 


None of the 
should ever be painted or even stained, for 


foregoing cabinet woods 
their beauty is in their natural grain and 
‘olor. The surface of the wood should be 
ade as smooth as possible and then, if 
‘covered at all, should be coated with some 
transparent substance. ‘*‘ Elbow grease’’ is, 
after all, the best. 


*, though not always understood even by 


Good seasoning is neces 
sary 
experienced workers of wood. Sometimes 
the natives bury the wood in mud for several 
veeks to season by a process of osmosis, and 
lien keep it for a long time in a dry, shady, 
ury plaee. The heartwood of old trees does 
t need much seasoning. 

The ends of logs in piles are often painted 
prevent too rapid evaporation. Planks of 
‘h wood are usually set up loosely on end 
unst a wall and other to 
litate seasoning. This practice exposes 
the wood to the air and facilitates even 
ing. A change from a warm to a cold 


against each 


nate often produces many small cracks 
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in the wood, especially when the wood has 
not been perfectly seasoned. Many cabinet- 
workers have special methods for preparing 
woods for their particular work, but on the 
whole the main object seems to be to produce 
a slow, even process of seasoning over a con- 
siderable length of time. Wood dug out of 
the which it 
buried for many years is perfectly seasoned 
Many of the old logs of 
mahogany and lysiloma buried in the debris 
of the 
virgin forests where there have been wind- 


mud and muck in has been 


and very durable. 


forest are perfectly seasoned. In 
falls and no fires, there are many such fallen 
In such cases it is usually only the 
that the 


Many mahogany trees were cut from a seat 


trunks. 
heartwood has escaped termites. 
fold far above the bulge at the base and in 
these old stumps there is still much well- 


seasoned wood with beautiful erain 


lor many years private interests and gov- 
ernment bureaus have been busy importing 
species of trees from abroad. This has been 
eood work, and the results have warranted 
the cost and effort involved. Several of these 


trees have become naturalized. 


introduced 
Experimentation along this line, however, 
must cover a lone period of time before con 
clusions are warranted. In the meantime we 


have neglected some of our native trees 
Nature has done this experimentation for us 
Kor that reason the forester should pick the 
best of our native trees, study their natural 
late, 


proceed to apply the fundamental rules of 


forest formation before it 1s too and 
forestry to What is left as soon as possible. 
kor this purpose the five species mentioned 
in this article are unquestionably of great 
merit. 

In some parts of the world where species 
of plants have become exceedingly rare, laws 
have been passed preventing their ruthless 
their 
This rule is applied even in this 
Man 
gains title to wild land in various ways; he 
then off 


seems to oppose him. This so-called progress 


lestruction, regardless of location or 


ownership. 


country to certain rare animals. 


fences and kills whatever 


builds 


has sometimes resulted in a sacking of our 


inheritance. There is a vast difference be 


tween exploitation and true development. 








CUTANEOUS LEISHMANIASIS IN MEXICO* 


By ENRIQUE BELTRAN 


AN examination of the figures on pre- 
Spanish pottery found in certain parts of 
Peru reveals some very peculiar scars on a 
number of the human faces represented on 
them. These scars indicate the existence of 
a disease of ulcerous nature suffered by the 
ancient inhabitants of the powerful Inca 
Kmpire. 

Such authorities 
think that 


proof that there already existed in those dis- 


as Professor Brumpt 


these pictures are unequivocal 


tant times the disease known today in Peru 
Baurit 


ce 


as uta and espundia, in Brazil as 


ulcer’? or ferida brava, and in Mexico as 
the 


northern limit of its geographical distribu- 


‘ 


‘chicle-gatherers’ ulcer.’’ Apparently 
tion is reached in Mexico. 

If the disease itself is ancient, its charac- 
terization as a definite nosological entity and 
the clarification of its etiology are quite re- 
eent. Only in 1909 did and 
Carini and Paranhos, all in Brazil, identify 


Lindenberg, 


the ‘‘Baurti uleer’’ or ferida brava with 
the so-called ‘‘Oriental button’’ or ‘‘Ori- 
ental uleer’’ occurring in the hot, dry 


regions of the Old World. especially in the 


Mediterranean basin. Since the beginning 
of the century, a protozoan of the genus 
Leishmania tropica 


the 


Mastigophora, named 
(Wright), 1908, 
cause of the latter disease. 

Those who first investigated it in the New 
World believed that the American 
was the that already known 
Europe, Asia, and Africa; consequently, they 


has been considered 


disease 


same as In 
supposed that the parasite found in the lesions 
In fact, 


the parasites of both are so similar that their 


was the same Leishmania tropica. 


morphological differentiation is impossible. 


* Translated by Mr. Hurst K. Majors. The orig 
nal Spanish text is published opposite on right hand 
pa The illustrations are distributed between the 
Spanish and English texts. Grateful acknowledgment 
to Dr. A. A. Moll, Sanitary Bureau, 
American Union, Washington, D. C., for 


editorial examination of both the Spanish and 


res, 
gz 


is made Pan 
his careful 


En 


glish texts. 


Nevertheless, Vianna, a Brazilian investi 
tor, in consideration of the marked elini 
differences observed in the American dise: 
as compared with its course in the otl 
hemisphere, believed it desirable to rega 
the new 


which, 


spec] 
bj 


accept 


parasite as a 
Leishmania 


Brazilian 
1911, 


This designation 


in he named 


silve NSIS. is How 
by the majority of investigators who belir 
that they are dealing with a distinet spec 

a view reinforced by the studies on 
munology carried out by Noguchi. 

In that same vear, 1911, Seidelin disc 
ered cutaneous leishmaniasis in Mexico, wh 
studying vellow fever in Yucatan, and yn 
lished the first description of it that we kn 
of from that country. It is reproduced li 


for its historical interest. 


I had, for a long time, been on the look out 
the various forms of tropical ulcers, but failed 
find any of a specific nature, until Mr. Th. M: 

Austrian archaeologist, who has lived for ne¢ 


an 

fifty years in Yucatan, told me about a peculiar afi 
tion which he had observed with great frequency 
Ing the He that 
‘<ehicleros,’’ Indian labourers, who collect chiel 
suffered severely tf 


his travels in interior. said 
raw material of chewing gum), 
a certain kind of ulcer, which always started on 1 
external ear, often destroying it completely, and 
vading the The natives 


not, as a rule, apply for treatment, and even if t 


face to a large extent. 


did, favourable results were but seldom obtained. 


The disease is evidently met with in all parts 
the peninsula, both in the interior of Yueatan 
Campeche and in Quintana Roo. Also many lay 


knew the affection as a typical one, the ‘‘ear 
of the »? 


the morphological characters of Leishmania trop 


chicleros. The parasites observed 


were mostly situated inside large mononu 


they 


cells, from two or three to about twenty in as 


eell. 

More than thirty years have passed s! 
this disease was made known in Mexico, 
we are still ignorant of many of its aspe 
despite the but hardly numet 
studies which have been made of it. 

In the which 
two-thirds of the Yucatan peninsula on 
the chief resources is the tree that is pe 
(Achras 


diverse 


forested areas account 


2a pote >a p 


la rly Ca led ch 1CO 
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LA LEISHMANIASIS FORESTAL CUTANEA 
EN MEXICO 


POR ENRIQUE BELTRAN 


Examinando las figuras de ceramica pre- 
spanica eneontradas en ciertas partes del 
Peru, suelen verse en algunas de las caras 
umanas en ellas representadas, cicatrices 
muy peculiares, que indican la existencia de 
padecimiento de naturaleza uleerosa, en 
sos remotos habitantes del poderoso imperio 
los Ineas. 
Autoridades, como el Profesor Brumpt 
plensan que eSas representaciones son 
vuebas inequivocas de que, en aquellos 
ejanos tiempos, existia ya la enfermedad 


‘espundia’’ 
**ferida 


designada como ‘‘uta’’ y 
Pert, ‘‘tleera de Baurti’’ o 


ava’? en Brasil vy ‘‘tleera de los chieleros’’ 


\Iéxico que, al parecer, constituve el 
mite Norte de su distribucién geografiea. 

Pero si la existencia de la enfermedad es 
litigua, su earacterizacion como una entidad 
sologica determinada y, sobre todo, el es- 


arecimiento de su etiologia, son bastante 
Kué en 1909 cuando Lindenberg 
por una parte, v Carini vy Paranhos (.3 
Brasil, identificaron Ja 


o ‘*ferida 


ecrentes, 


todos en 
Baurt’ 
““hotdon de 


por otra, 


‘uleera de brava’’ eco 


amado Oriente’? o ‘‘tileera 
ental,’’ existente en las regiones ecalidas 4 

secas del Viejo Mundo, especialmente en la 
ienca del Mediterraneo v que, desde prin 
pios del siglo se consideraba causada por 

n protezoario del grupo de los Mastieéforos, 
i designacion en la actualidad es Leish- 
a tropica (Wright), 1903. 

Los del Nuevo 


enfermedad 


primeros investigadores 


nente pensaron que la 


era la va conocida en Europa, 
\sia vy Afriea y, 
| parasito encontrado en 


tropica. y en 


ricana 
en consecuencia, Se SUpPuUsO 
las lesiones 
a misma Leishmania 

los pardsitos que se presentan en uno 
) casos son tan semejantes, que su difer- 
ion morfolégica se hace imposible. Sin 


’O, un investigador brasileno, Vianna, 


‘rando las mareadas diferencias ¢lini 


CaS que se observan en el padecimiento de] 
Nuevo del 


Antiguo, pensé prudente individualizar el 


Continente, comparado con el 


vermen encontrado en Brasil, designandolo 


con e| nombre de Leishmania brasiliensis, 
en el ano de 1911; designacion aceptada en 
la actualidad por la mayoria de los autores 
que piensan que, en efecto, se trata de una 
especie distinta, particularmente despues de 
los estudios inmunolégicos Ilevados a cabo 
por Noguchi (4). 

En el propio ano de 1911 Seidelin (4 
estudiando la fiebre amarilla en Yueatan, 
México, encontré la leishmaniasis cutanea en 
nuestro pais, y publicé la primera deserip 
cidn de la misma de que tenemos noticia 5 
que, por su interés historico, eito in exrtenso 
a continuacion : 

Por largo tiempo habia estado buseando Jas varias 


formas de tleeras tropieales, sin eneontrar ninguna 


de naturaleza especifica hasta que el Sr. Th. Maler, 
arqueologo AUSTrLAco que habia vivido en Yueatan 
ecerea de eincuenta anos, me hablo de una en 


por 
fermedad que habia encontrado econ gran frecuencia 


durante sus viajes en el interior. Decia que los 


‘chicleros,’’ trabajadores indigenas que colectan 


chiele la materia prima de Ja goma de maseat 


sufrian severamente de una ecierta elase de tleera 


que slempre comenzaba en la oreja, destruyéndola a 


veces completamente, e invadiendo ampliamenté i 


cara. Generalmente los nativos no buseaban tra 


tamiento, vy cuando lo hacian, solo rara vez obtenian 


resultados favorables. ... La enfermedad se en 


cuentra, evidentemente, en toda la peninsula, tanto 
en el interior de Yueatiéin, como en Campeche y Quin 


enfermedad 


tana Roo. Aun los profanos conocen la 
como tipica: la ‘fulcera de la oreja de los eliel 
ros.’’ . . . Los parasitos obse rvados tienen las ¢ 
eristicas morfologicas de Leishmania tropica; 
encuentran en su mayor parte dentro de sg 
mononucleares n numero desde dos | 
vernt en ! Sola ¢ 

Hace, pues, mas de treinta anos que se 
senalo esta interesante enfermedad en nues 
tro pais y, sin embargo, hasta la fecha igno 
ramos aun muchos aspectos de ella. a pesal 


realizadas a 


de las diversas contribueciones 


respecto, nO Muy Numerosas por cierto 
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Foto Roble 8 
ULCER 
NARIZ, CAUSADA POR Leish- 


CHICLE-GATHERERS’ 
LESION PRIMARIA, EN LA 
mania brasiliensis, SIN TRATAMIENTO. 
the sap of which, chicle, is the basic material 
used in the manufacture of chewing gum, a 
popular article in the United States and 
Mexico. 
tree is sapodilla. 
Some remnants of the Mayan tribes, who 


The Enelish common name of this 


populated the peninsula during ancient times 
and who constructed the great cities of 
Uxmal, Chichen Itza, Tulum, and others, live 
in the midst of these forests even vet as small 
groups. However, the number of permanent 
inhabitants is very low throughout the entire 
region. 

The jungle population is made up for the 
most part of workers who contract to secure 
ehicle or to cut down hardwoods. They are 


adventurers who bury themselves in the 
ereen hell of the jungle for months in order 
to seize its treasures. 

The them 
Yueatan and others from other 
Mexico—begin to penetrate the jungle at the 
In the past they 
advaneed heart of the 


forest along paths which had to be kept open 


chicleros some of natives of 


parts of 


close of the drv season. 


in e@aravans to the 





CUTANEOUS LEISHMANIASIS 


with the machete; today, for the most 
they reach their jungle centers by ai 
then continue on foot in small groups t 
sapodilla trees in the forest. 

From our own investigations, which 
in 1939, we have learned that of these e 
of workers, mostly men but sometim: 
eluding wives and children, approxin 
5 per cent end the season affected by 
leishmaniasis of the skin, the fearsome 
le ro ulcer. 

In South America, and especially in |] 
where most of the work on this diseas 
been done, the disease begins in an a 
imperceptible fashion. An individual 
on one of the exposed parts of his bod 
Brazil, usually the legs) a small redd 
area, similar to that which results fro 
bite of one of the many jungle insects 
fierce itching which he experiences 
him to seratch himself repeatedly. Gi 
ally a small papule is formed, and tl 
little nodule, the surface of which soon 
ates, forming a Then Leishi 
with the help of other associated infe: 
When the les 
occur on the lees, arms, chest, or back 
course of the affliction, although troubles 
destructive, is without 
is different if the ulcers 
on the face. Not only is a deforming 
left, but a considerable number of cases 


scab. 


rapidly destroy the tissues. 


and serious 


quences. It 


perience an infection of the mucous 
branes of the nose and mouth. In su 
event, the course of the disease is mor 
ous. 

Brazilian writers suspect that the vi 
of the American disease are different s} 
of small flies belonging to the genus P 
tomus, in conformity with the wide 
cepted idea that similar Old World 
maniases are transmitted by the same in 
The 
theory is most interesting, and all poss 
ties seem to point in this direction. No 


lacking 


evidence advanced in support of 


less, conclusive proofs are 


would permit calling Phlebotomus a 
of this disease with the same certaint) 


which we can connect Anopheles with n 
or Aedes with yellow fever. 
In Mexico, according to the little th 


know about it, the disease begins and 
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LA LEISHMANIASIS CUTANEA 111 


n las zonas boscosas que cubren las dos La poblacién de los bosques la constituyen, 


ras partes de la peninsula de Yucatan, 
te como una de las principales riquezas 
a region el arbol Hamado vulgarmente 


en su mayor parte, trabajadores que van con- 
tratados a la extraccién del chicle o al corte 


de las maderas preciosas, seres aventureros 
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Vapa de la Sria. de Agricultura y Fomento, Méxvico 


FORESTED AREAS OF YUCATAN WHERE CUTANEOUS LEISHMANIASIS OCCURS 


AGRICOLAS Y FORESTALES DE LA PENINSULA DE YUCATAN. I REGION BOSCO ES EI SIENTO DI 
LEISHMANIASIS CUTANEA, 


hicle, sirve de materia prima para la selva, en el que se pierden por varios meses, 


oracion de la goma de masear, tan popu- para robarle al bosque sus tesoros 
A fines del verano empiezan a llegar a la 


de la 


procedentes de 


en los Estados Unidos vy en nuestro pais. 


selva los chicleros, nativos aleunos 


‘estos mermados de las tribus mayas que 


ino poblaron Ja peninsula, y que con- propia peninsula y otros 


veron las grandiosas ciudades de Uxmal, diversas partes del pais. Antano arribaban 
hen Itza, Tulum y tantas mas, viven en caravanas por senderos en el corazon de 


en pequenos grupos en el centro de esas 
s. Pero la cantidad de habitantes per 
nte es bajisima en toda la zona. 


la jungla, que frecuentemente hay que man 
tener abiertos a fuerza de ‘‘machete’’; hoy, 


en gran parte, son transportados en avion 
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tains a course similar to that observed in 
Brazil, but there are certain interesting dif- 
In the first place, the point of 
origin for the first 
writers from Seidelin to the present day 
are this fact. In 1940, in the 
recently concluded epidemiological investiga- 
tion, more than 80 per cent of the reported 
cases were localized How- 
ever, Professor Osorio Tafall this year vis- 
ited some chiclero camps in Quintana Roo 
and brought back the interesting observation 
(personal communication, unpublished) that 


ferences. 


lesions is the ears; all 


agreed on 


in the earlobes. 


in the last two seasons the number of cases 


localized on the ears had diminished consid- 
erably, at least in the area visited, because 


the chicleros had begun to wear at their 
work a sort of leather helmet which covered 
their head, ears, and part of their neck, 


throat, and shoulders. Even those workers 
who did not take this care were acquiring 
the habit protective eloth 
around the head in the manner already indi- 
Although the real value of such head 


of wrapping a 


cated. 








LEISHMANIA BRASILIENSIS: 


A. FORMAS EN UN FROTIS DE ULCERA. B. 





FORMAS FLAGELADAS EN CULTIVO EN MEDIO DI 
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protection remains to be determined st; 
tically, the practice offers grounds for it 
esting speculations. 

Chicle-workers’ camps or hatos are hid 
away in the very heart of the jungle. 
small clearing bordered by sapodilla 1 
(Achras zapota ). mahogany trees (Nwiet: 
mahagoni), rubber trees (Castilloa elast 
and a thousand other plants serves as a 
for several dwellings with palmleaf (Jn: 
japa) roots. Supported by upright tim! 
and frequently without walls, these shelt 
naturally afford no protection against 
sects. 

The few women and children of the gr 
remain in these camps at all times. V 
early in the morning, the men go fort! 
search out chicle trees that are ready for 1 
ping. If a good quantity of chicle is des 
without killing the trees, tapping cannot 
done unless the plants have reached a cert 
ave and have not been tapped for at 
five years. On finding a suitable tree, 
chiclero climbs to its top with the help « 


B 


A, FROM AN ULCER; B, FROM CULTURE MEDIUM 


Dibujo Be 
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i las centrales y de ahi, a pie y en peque- 
erupos, se Internan a buscar los arboles 
ipote que crecen silvestres en el bosque. 
‘n nuestras investigaciones personales, 
adas en el ano de 1939 (6), hemos ob 
do el dato que, de esos conjuntos de tra 
idores, en su mayoria hombres, pero a 
que también acompanan algunas mujeres 
hos, aproximadamente el 5° regresa de 
temporada afectado por la leishmaniasis 
estal cutanea, la temida tlcera de los 
leros. 
En Sur América, especialmente en el Bra 
donde se ha realizado el mayor numero 
trabajos al respecto, la enfermedad com- 
a en una forma casi imperceptible (7 
individuo nota en alguna de las partes 


escubiertas de su cuerpo (en aquel pais pre- 


ninantemente en los miembros inferiores ) 


pequenha zona enrojecida, semejante al 
iete de aleuno de los muchos insectos del 
-la fuerte comezon que experimenta le 
va a rascarse repetidamente. Poco a poco 
forma una pequena papula, luego un nodu- 
que al poco tiempo se Ulcera en su super- 
forma una costra y, sirviendo a la vez 
asiento a otras infeceiones asocladas, va 
anzando realizando una labor de destruc 
n de los tejidos. Cuando las lesiones se 
‘ientran en zonas como las piernas 0 los 
sos, el pecho o la espalda, su evolucion, 
que molesta v destructora, no suele ser 
‘onsecuencias. Cuando las tlceras estan 
i cara, el caso es distinto; no solo dejaran 
i cicatriz deformante sino que, ademas, en 
‘recido numero de casos las mucosas de la 
‘iz vy de la boca seran también invadidas y, 
tales ocasiones, la evolucién del padeci 
ento es mas seria. 
Los autores brasilenos (&) suponen que son 


iehos moscos del eénero Phlebotomus 


tintas especies ), los que sirven de vee- 
a la enfermedad. Confirmando asi la 
bastante aceptada de que las leishmania 
‘| Viejo Continente son transmitidas por 
ismos insectos. Las evidencias aducidas 


poyo de esa suposicién son muy in 


intes, v todas las posibilidades parecen 
tar en esa direecién. Sin embargo, 
aun pruebas coneluyentes que per- 
acreditar el papel de transmisores a 
ebotomus, con la misma seguridad que 


puede achacarseles a los Anopheles en el 
paludismo, 0 a los Aedes en la fiebre amarilla. 

En México, de acuerdo con lo poco que 
sabemos al respecto, la enfermedad empieza 
y tiene una evolucién semejante a la obser 
vada en Brasil, notandose sin embargo 


algunas interesantes  diserepancias Kn 





primer lugar, el sitio de eleccidn para la 
aparicion de las lesiones primarias lo con 
stituyen las orejas; concordando en esto las 
observaciones de todos los autores, desde 
Seidelin para aca. En 1940, en la encuesta 
epidemioldgica que llevamos a cabo, mas del 
80°. de los casos reportados tenian su loeali 
zacion en el pabellén de la oreja. Sin em 
bargo, en el presente ano nuestro estimado 
amigo el Profesor Osorio Tafall, realizé6 una 
visita a algunos de los campos chicleros de 
Quintana Roo (datos no publieados), ree 
ogiendo la interesante observacion, que 
bondadosamente nos ha comunicado de que, 
en estas dos ultimas temporadas, el nimero 
de casos con loealizaeién en la oreja ha dis 
minuido considerablemente, a lo menos en la 
region visitada por él, debido a que los 
chicleros han adoptado la costumbre de usar 
en su trabajo una especie de caseo de ecuero 
que les cubre la cabeza, las orejas, y parte de 
la nuea, los ecarrillos vy el cuello; quienes no 
poseen esa prenda, estan, sin embargo, ad 
quiriendo el habito de protegerse igualmente 
empleando alguna tela, con la que se envuel 
ven la cabeza en la forma indieada. Este 
dato, que necesita una verificacién estadistica 
para encontrar su real valor, es muy in 
teresante por las diversas sugestiones que de 
é| parecen desprenderse. 

Los campos o ‘‘hatos’’? chieleros estan 
enclavados en el corazon mismo de la selva 
Un pequeno claro, bordeado de Zapotes 

Achras zapota), de caobas (NSwietenia maha 
gon), de hule (Castilloa elastica) \ de mil 
otras plantas, sirve de asiento a unos cuantos 
cobertizos con techo de palma de guano 
(Inodes japa), sostenidos por palos rectos, 
frecuentemente sin paredes y, naturalmente, 
sin elemento alguno de proteccién contra los 
insectos. 

En dichos campos esta permanentemente 
el pequeno ntiimero de mujeres y ninos del 
grupo. En cuanto a los hombres, desde muy 
temprano, salen en busea de arboles de chiele 
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rope. Afterwards, he climbs down slowly, 
always aided by the rope which he holds with 
the left 


slashes with the machete carried in his right 


hand, meanwhile making oblique 
hand. These slashes are so placed that the 
greater part of them follow a definite her- 
ringbone pattern, each emptying into the 
opposite one below and leading to the foot 
of the trunk. 
able container 
which catches the sap that runs slowly from 
the wounds in the bark. 


Here there is placed a suit- 
venerally a canvas bucket- 


Each day’s yield is carried to camp and 
dumped into great copper kettles that are 
In this 
manner are secured cakes of a definite size 
which are carried to the markets and for 
which the chiclero is paid by the pound. 


placed on the fire to cook the chicle. 


Living in a damp and stifling climate char 
acterized by heavy rains, exposed to the bites 
of a great variety of poisonous snakes, and 
eating an insufficient diet 
which must be supplemented with the meat 
of animals hunted in the forest, the chiclero 
stays in the jungle for three to six months 


unbalanced and 





A CHICLEROS’ CAMP OR HATO IN QUINTANA ROO. 
CHICLERO EN QUINTANA ROO, 


ASPECTO DE UN CAMPO O ‘‘HATO’’ 





ISHMANTASIS 
at atime. No small percentage of the w 


ers who return carry on their bodies 


peculiar and tenacious ulcers caused 
Leishmania brasilie NSIS. 

At present, the injection of various 
mony preparations (Stibosan, Neostib: 
Fouadin, ete.), 


cases of leishmaniasis, has permitted a 


which are highly effectiy 


tain curative control of this disease. 
chiclero, if he secures treatment in time, 
erally succeeds in halting the disease. \\ 
the rise of chemical therapy one sees less 
quently those poor mutilated persons 
lack part of an ear, an entire ear, and si 
times both ears, and who have the appear: 
ance of being victims of that medieval just 
which used to punish certain crimes by 
putating an ear. 

Although there exist isolated and un 
firmed reports that suspected autochthon 
eases of skin leishmaniasis have been fo 
in Other parts of Mexico, the only reg 
where its presence has been established is 
wooded parts of the Yucatan peninsula 


states of Yucatan and Campeche and the te! 


Foto Be 
SAPODILLA TREE IN CENTER 
EN EL CENTRO UN ARBOL DE CHICO-ZAI 
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s para ser ‘‘picados,’’ cosa que no 
hacerse sino en plantas de cierta edad 


indo transcurrir un término minimo de 


anos entre cada ‘‘picada,’’ si es que se 
tener una buena cosecha de chicle y 


rvar la vida del arbol. Cuando encuen- 





ino adecuado trepan hasta su etspide 
. ayuda de una cuerda y después van 
ido lentamente, siempre auxiliados con 
a cuerda que manejan con la mano izquierda, 

entras con la derecha hacen cortes oblicuos 
on el ‘‘machete,’’ de tal manera dirigidos 
que el superior vierte su contenido en el que 


sigue y que tiene direccién opuesta, hasta 
legar al pie del troneco donde colocan un 
reciplente adecuado, generalmente una bolsa 
de lona, para recibir el latex que va esecur- 
riendo lentamente por las heridas de la cor- 
teZa 

La cosecha de cada dia es llevada al cam- 
pamento y reunida en grandes pailas de 
cobre, que se ponen al fuego para cocer el 
chicle y obtener de ese modo marquetas de 
determinado tamano, son las 
entregan en las centrales y cuyo pago se hace 
por peso al chiclero que las obtuvo. 

En un elima htamedo y 
fuertes Iluvias, expuesto a las mordeduras de 


que que se 


sofocante, con 
vran variedad de serpientes venenosas, con 
una alimentaciOn insuficiente vy desbalance- 
ada, que tiene que completar con los animales 
que caza en el bosque, el chiclero permanence 
en la selva por un término que varia de tres 
meses, Y 
pequeno poreentaje, llevan en su cuerpo las 


a Seis los que regresan, en no 
peculiares y tenaces tlceras causadas por la 
Leishmania brasiliensis. 

\ la feeha, el uso de las diversas prepara- 
clones inyeetables a base de antimonio (Sti- 
Neostibosan, Fuadina, ete.), cuya 
accion en las distintas leishmaniasis es suma- 
mente efeetiva, han permitido un cierto con- 
trol curativo esta enfermedad. El 
chiclero, si se trata a tiempo, generalmente 
ogra que se detenga el padecimiento, y cada 
(la es menos frecuente ver esos pobres muti- 
lados a quienes falta parte de una oreja, la 
oreja, entera, y a veces ambas orejas, lo que 
ies da la apariencia de ser victimas de aquella 
Justicia medioeval que castigaba ciertos deli- 
n la amputacién del pabell6én auditivo. 
nque existen reportes aislados y no com- 


posan, 


sobre 
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probados, de Supuestos casos autdetonos de 
leishmaniasis cutanea encontrados en diver- 
SOS sitios del pais, la unica zona donde ha 
sido estableecida la presencia de este padee 
miento es en las partes boscosas de la penin 
sula de Yucatan (Estados de Yucatan y Cam 
peche ¥ Territorio de Quintana Roo) y cn 





Foto Beltran 
THE JUNGLE, QUINTANA ROO 


ASPECTO DEL BOSQUE 
TANA ROO. AL 
A UN 


EN LA REGION DE BACALAR, QUIN 
FONDO EL DR. ROBERT HEGNER, FRENTE 
ARBOL DE CHICO-ZAPOTE (Achras zapota 

las partes limitrofes de los Estados de Chia- 


pas y Tabasco (9). Sin embargo, muy re 
cientemente, por cortesia de los Drs. Martinez 
Baez y Gonzalez (datos no publicados), 
tuvimos oportunidad de ver un caso de leish 
maniasis cutanea en un nino (euyo diagndés 
tico se comprobé microseépicamente), nativo 
de Huajuapan de Leén, Oaxaca, y que, segtin 
los datos disponibles, nunea habia abandon- 
ado su residencia. Este hallazgo, sobre cuya 


significacion no podriamos pronunciarnos 
antes de hacer un estudio que tenemos pro 


vectado, es por demas interesante no sdélo 
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ritory of Quintana Roo) and in neighboring 
areas of the states of Chiapas and Tabasco. 
Very through 
tes) Baez 


recently, however, the cour- 
of Drs. 


data unpublished 


Martinez and Gonzalez 


, we had the opportunity 


i seeing a microscopically confirmed Case 
of skin leishmaniasis in a boy, a native of 
Huajuapan de Ledn in Oaxaca who, accord 
ing to information available, had never been 
This discovery, the sie 


[ cannot judge until I 


from home. 
of which 
have carried out a projected study, is inter- 


awa\ 


nificance 


esting not only because the case was found 
more than 600 kilometers from the zone of 
but the 
characteristics of the region, at 1,597 meters 


classic leishmaniasis, also because 
altitude and with a dry climate, are abso 
lutely different both physiographically and 
biologically from those of the southeastern 
jungles. 

Given the geographical limitation of the 
disease, its relatively benign form in Mexico 
(it is much less grave here than in Brazil), 
and the existence of drugs of sufficient effec 
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LEISHMANIASIS 


to treat it, it cannot be 
leishmaniasis of the skin amo\ 


a first-rank public health problem in } 


tiveness Sal 


forest 


However, it has a number of aspects 
vive it great scientific interest. 
In 


continental distribution of the disease 


Mexico hes the northern limit 
sequently, it follows that it is highly 
tant to establish the exact limits of its 
bution It 


define more closely the characteristics 


there. is equally import 


infection and of its etiological agent 
paring them with the findings in the 


lies to the south. It can also be stati 


a series of clinical differences exist 
would justify this study. 
Its method of transmission in Me 


not vet known. The inhabitants « 
affected region generally assign the 
vector to the so-called mosca chicl 


‘*chiclero fly > (Olfersia coriacea), wh 


tacks various gallinaceous birds i 


region, and even Bequaert has been 


mention this as possible. However, ow 


AND DR. HEWITT STANDING BEFORE A CHICLERO’S HU 


Inodes 
EL 


japa). AL FRENTE, EL DR. REDGINAI 


AUTOR, 
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ue el sitio esta a mas de 600 kilémetros 


os limites de la zona leishmanidasica 


sino porque las condiciones de la 


on, a 1,597 


a seco, son absolutamente diferentes de 


metros de altura y con un 
de los bosques del sureste, tanto fisio- 
fica como biolédgicamente. 
dada la limitacién geografica del padeci 
nto, la forma relativamente benigna que 
a entre nosotros (mucho menos grave que 
e| Brasil) Rg la existenecia de productos 
petticos de bastante eficiencia para su 
itamiento, no puede decirse que la leish- 
iasis forestal cutanea constituya en 
xico un problema sanitario de primera 
ortancia. Sin embargo, existen una serie 
aspectos que le dan gran interés cientifico. 
\Veéxico constituyve el limite septentrional 
enter- 


la distribucién continental de la 


edad y, en consecuencia, resulta de la 
ivor importancia establecer los limites ex- 
‘tos de su area en nuestro pais. Es igual- 
mente importante precisar mejor las earac- 
teristicas del padecimiento Vv de su agente 
etioldgico, comparandolas con las bastante 
conocidas que presenta en las Reputiblicas del 
Sur. Desde luego, puede decirse que existen 
una serie de diferencias clinicas que jus 
tifican este estudio. 

Su mecanismo de transmisidén no es aun 


conocido en Méxieo. Los habitantes de la 


region atribuyen generalmente el papel de 
vector a la Jlamada ‘‘mosea_ chiclera’’ 
(Olfersia coriacea) que parasita en diversos 
vallinaceos de la region, v aun Bequaert 
(10) ha llegado a mencionarla como posible ; 
observaciones realiz 


sin embareo nuestras 


adas en la zona chiclera nos inclinan a no 
con tal 
esta probado, puede considerarse como prob- 


Phi botom Us 


mMisores, tal como se supone en Brasil, donde 


considerarla caracter. Aunque no 


able que los sean sus. trans- 

aun se han senaiado las especies que parecen 
las sospechosas. 

aparente preferencia por el sexo mas 

n0 adulto (los casos en ninos y en mu 

s son en menor porcentaje) constituye 

asunto de gran interés para ser inves 

lo, tanto desde el punto de vista epl- 

ol6gico como experimental, tratando de 


ar si, como generalmente se supone, ello 
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se debe Unicamente a la mayor exposicion 
por parte de los hombres, o existe algun otro 
factor que interviene en el asunto. 

Kl estudio de los problemas iInmUNnOLbe1CO0s, 
tanto de reacciones diagndésticas intradér 
micas u otras, como de la aplicacién de vae 
Brasil, presenta 


unas, iniclado eon éxito en 


CHICLERO AND CHIE 


*CHICLERG’’ DE | ZONA 


"AILA DE COBRI 


CHICLI 


entre nosotros un campo virgen en el que 
pueden obtenerse muchos resultados, tanto 
clentificos eomMmo practicos 

lia relativa facilidad con que se obtienen 
Vv mantienen cultivos vigorosos de estos pro 
Sangre, ofrece 


tozoarios en medios de agar \ 
un amplo campo de experimentacion muy 
interesante, v que todavia tiene una serie de 
puntos por investigar 

Por otra parte, los datos que hasta la fecha 
existen con respecto a la susceptibilidad de 


diversos animales Capaces de ser empleados 
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observations in the chiclero zone lead us to 
discount this view. Although it is not 
proved, It Gan be considered probable that 
Phiebotomus is the carrier, as supposed in 
Brazil, where the most SUSPICIOUS species 
have already been signaled out. 

The apparently greater incidence of the 
disease in adult males (only a small per 
centage of cases occur in women or children 
constitutes another aspect of great investiga 
tive interest from the epidemiological, as well 
as experimental, viewpoint. It would be in 
teresting to ascertain if, as generally sup 
posed, this is due solely to the ereater ex 
posure on the part of the men, or whether 
some other factor enters into it. 

Immunological problems, like diagnostic 
skin tests and the use of vaccines, already 
begun with success in Brazil, present in Mex 
oa virgin field in which many scientific and 
practical results may be obtained. 

The relative ease with which these pro- 
tozoa may be started and maintained as 
vigorous cultures in media of agar and blood 
offers an ample field for very interesting 
experimentation on a number of points 
which still require investigation. 

Unfortunately, the present data on the sus 
ceptibility of the various animals that may 
be used with confidence in laboratory proj 


L, 


ects are contradictory. This is true even of 


I 
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the Sy) rian hamster Cricetus aura 
which has not proved as good an exper 
tal host to leishmaniasis of the skin as it 
to visceral leishmaniasis. On the other |} 
various squirrels and related species (( 
lus, Sciurus, ete.) that are native to N 
America appear to offer possibilities in 
field 

Therefore, although forest leishmanias 
the skin cannot rank in Mexico with ma 
amoebic dysentery, onchocereiasis, and 
parasitical diseases in publie health i 
tance, it is of enormous interest fron 
scientific point of view. 

The emergency conditions now exis 
throughout America have shown us 
inescapable manner the stern necessit 
understanding better all our native dis 
includine their etiological, epidemiolo 
clinical, pathological, therapeutic, and 
munological aspects This need is 
ereater with respect to those diseases wl 
hidden in the junele, conceal their rea 
portance until the necessities of the mo 


such as troop movements, road building 


field construction, or the utilization of 
zones. ot production, make us realize 
even today there is much we do not | 
about vast territories in this immense 

sphere that now fights for its liberty an 


future. 





i 


( midl6e1eo, 


rapeutieo, inmunologico, ete. Y 


tancia, hasta 
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‘onfianza en los trabajos de laboratorio 


contradictorios. Y esto es cierto aun en 


‘“*hamster’’ de Siria (C'riece lus 


aso del 
ifus) que en la leishmaniasis cutanea no 
resultado ser tan buen huésped experi 
ital como en el de Ja leishmaniasis vis 


il. En 


ientes (Citellus, Seiurus, ete. 


cambio, diversas ardillas y sus 
nativos de 
stro Continente, parecen presentar posi 
lades en este sentido. 
\si pues, si por su importaneia sanitaria 
eishmaniasis forestal cutanea en México 
puede eompararse con e] paludismo, la 
biasis, la onchoecereiasis Vv otros padeei 
ntos parasitarios, desde el punto de vista 
tifico presenta un enorme interés. 
Las actuales condiciones de emergencia en 
todo el Continente nos han 
ineludible, la 


Vivimos en 


ireado. ell forma necesidad 


soluta que tenemos de conocer mejor todas 
iellas enfermedades que nos son propias, 
ocandolas desde los puntos cle vista epl 


et loldeico, elinieo, patologico, 


esta neces 
ul es quiza mayor en el caso de aquellos 
deeimientos que, escondidos en la selva. 
len parar inadvertidos en su real impor 
necesidades del momento 


que 


mo transporte de tropas, construccion de 


aminos O Campos de aterrizaje, utilizacién 


nuevas Zanas de produceion, ete hos 


hacell 


Col prence I’ 


MhnoOramos en 


inmenso Hemiusferio. que hov 


ra 
| 


las 


Ipbertad v su tro 


\ 


Vastas 


hea \ todavia 1 ‘nO 


tierras de este 


lucha por su 





THE EARLIEST WINGED FISH-CATCHERS 


By E. W. GUDGER 


winged 
up 


are the best known 
the title 


vision of small flocks of gulls of our northern 


SINCE birds 


fish-catchers, may conjure a 
harbors busily at work getting their dinners; 
if 


catehers 


or it may recall the far larger flocks of fish 


(terns, cormorants, and pelicans 
which populate the kevs of southern Florida. 
But, to see such winged fish-eatchers in really 
surpassing numbers, one must go with Robert 


Murphy to Bird Islands of 


If one cannot see these wondrous bird 


Cushman his 
Peru 
haunts in person, then one can at least envis 
age them in his most interesting and informa 
tive book just named (New York, 1925). 
Around 
though inside the tropics are cooled by the 
north-flowing Humboldt Current, are found 
such 


these Peruvian islands, which 


small fishes, especially anchovies, in 
astronomical numbers as to defy computa 
tion. Feeding on these are marine birds in 
clouds darkening the sky from which they 
to the 


covering and 


‘*descend in rainstorms’’ merge on 


surface in ereat rafts, acres 


acres of ocean—areas so large that they are 
visible miles away. These millions of birds 
with insatiable appetites devour billions of 
fishes dav. Murphy that 


‘Thousands of tons of these fishes per day 


each estimates 
are devoured by sea birds which breed on the 
Peruvian And than he, 
R. KE. Coker judged that a single flock of 
cormorants observed at the Cincha Islands 
would consume each vear a weight of these 
fishes equal to one-fourth the entire annual 
catch of the fisheries of the United States. 
These feathered 
the latest forms of all winged fish-catehers ; 
to deseribe the earliest is the purpose of this 


earlier 


islands. 


> 
i. 


fishermen are, however, 


article. These feather-wineed ones are the 
hiehest 


and numbers of all winged fish-feeders. 


activities, 
In 
each of these points they are far removed 
leathern 


developed in’ structure, 


from those creatures, buoved on 
wings, that sought their ichthvological din 
ners in the bavs and seas of Mesozoie or mid 
dle In facet 


winged fishers were not birds at all, nor ev 


time. these earliest 


eeological 


‘n 


10 


the ancestors of birds, but in time and sti 
them. T 
the Jura 
the toot 


from 
ot 


came 


ture were far removed 


the 
period. 


winged dragons 
And after them 


birds of the Cretaceous. 


were 


THE PTEROSAURS OR FLYING LIZARDS 0 
THE JURASSIC PERIOD 
were, aS T 


They 


Ni-t 


The pterosaurs (ter-0-sawrs ) 


hame indicates, winged lizards 


also sometimes called ornithosaurs (or 
bird-lizards, because they ¢ 
but 


Like some birds they 


SaWts or 


like birds: they were rept 


adapted for flight. 
lone but 
These pterosaur teeth were reptilian, b 


SOar 


Jaws 


beaks their were toot] 
sharp, conical, and implanted in the ja 
Moreover, the all 


like the lone, 


were In respects ore 


for grasping, pointed, rat 
slender, backwardly hooked teeth of the f 
eating crocodiles of the Ganges. Being 
nivorous, these flying dragons had 
either fishes or other reptiles, and their t 
indicate a fish diet. 

They 


general birdlike appearance was accentuat 


flew somewhat like birds, and t 
by the fact that the head was set on top of 
spinal column almost at a right angle to 
neck. Their forelimbs were adapted fo1 
birdlike flight, the outer or fifth finger b: 
enormousls elongated into a boom or Va 
Krom front 


bh 


the other fingers being free. 
‘little finger’’ there 
and attached to, the side of the b 


and extended 
alone, 


the 
hind 


included 


The 


wine, which 
the foot. 


wings joined on the tail (Fig. 1 


membranous 


limb, except OpPpos 


highly 


As 


The pterosaurs were the most 
Clalized of all 
birds, all the bones of the body were ho 
than 


baeckbonec’ animals. 


and were lighter in structure in 
animals present or past, birds not except 
In some forms the walls of the bones wer 
These had their 
tremities strengthened internally by del 


All 


bones, like those of our present-day 


thin as a desk blotter. 


paper-thin struts of bone. these 





THE 


id openings that permitted the cireulation 


air. This structure gave these flying 
ragons an almost unbelievable lightness of 
xlv, as we shall see later. The surface area 
their wings was, when compared with the 
eight of their bodies, greater than that of 
nv other flying animals past or present, save 
nly some of the insects. 
of their 
iter fingers and the wings which they sup- 


Because enormously elongated 
worted, these flying lizards got their common 


ame, ‘‘wing-fingers.’ These pterosaurs 


aried widely in size—from that of a 
ow to giants of eight feet in leneth with a 
ing-spread of twenty feet. With 


vhtened by their thin-walled bones, they 


Spar 
bodies 
areered on leathern wines above the bogs 
swamps, lakes, and seas of the Mesozoic era 

the earth’s far distant past, seeking what 
they might devour (Fig. 1). 

Ilowever, the best authorities agree that 
the power of flight in these dragons of the 
ir was much more limited than in_ birds. 
There is great doubt as to the ability of the 
pterosaurs to fly by flapping their wings. 
The strueture of their skeletons did not offer 
points of attachment for the great muscles 
necessary for prolonged flight by beating the 
air. Perhaps, however, they could flap their 
wings enough to help get a start for soaring 
flight. The paleontologists think that the 
pterosaurs were e@liders and soarers, taking 
advantage of ascending air currents as do 
But then comes the ques 
If they alighted on trees 


uur @liders today. 
tion of the take-off. 


ifter Fenton, 1937 
FIG. 1. RHAMPHORHYNCHUS 
CLINGS TO BARK OF A TREE WITH CLAWED FEET; 


HER SOARS OVER A LAKE ON WIDESPREAD WINGS. 


EARLIEST WINGED 


FISH-CATCIITERS 


\ 


From a drawing in American Museum 
RHAMPHORHYNCHUS AT 
OFF, GLIDE, OAR 
THICH 


REST 


FIG. 
FROM ITS PERCH IT COULD TAKI 
AS ILLUSTRATED, THE BEA! IS TOO SHORT OR 
or cliffs or any sharp elevation, they might 
launch forth But, if they 
should light on level ground or on the sur 


face of the sea, how could they ever get up 


fairly easily. 


again? They were poorly adapted for walk 
ing, perhaps better for climbing by means of 
their clawed feet. So betwixt climbing and 
they 
and rocky declivities to where a take-off was 


scrambling, may have ascended trees 
possible, after the fashion of any gliding bird 
of today (Figs. 1 and 2). However, fly they 
did, since, even more than birds, they were 
fitted only for an aerial life. 

These strange flying lizards, the most 
highly specialized and extraordinary animals 
that have ever lived on our earth, appeared 
suddenly in the Upper Triassic of Europe 


150 Widely 


scattered over the earth. thes flourished for 


about millions of vears ago. 
millions of years and as suddenly as they 
appeared SO suddenly they disappeared to 
the 


about 60 million vears ago. 


ward close ot the Cretaceous period, 
In consonance 
with their extraordinary physical make-up 


are the equally extraordinary facets that they 
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Rhamphorhynchus ram-fo-rin’-cus 
Crooked Beak, so called probably because 
his strangely set teeth (Figs. 1, 2, and 3), w 
a relatively small flying lizard (about 1] 
feet lone) notable for having long, narro 
pointed wines like those of a gull or a ten 
and a lone slender tail ending in a spatulat 
organ which probably functioned as a ru 
der (Figs. 1 and 4). The position of tl 
rudder, whether horizontal or vertical, h 
been much discussed, This unique structu 
was long held to have had a vertical positi 
like the tail or rudder of an airplane, but 
leading authority has coneluded, from a crit 
cal study of the best material, that it w 


From Zittel-Pastman, 19 horizontal as is the tail in all other flvn 
SKULL OF CROOKED BEAK 


RIGHT ANGLE TO THE SPIN} 


animals, save the so-called flying fishes 
nine encrt OCnwaEn aun TORR Equally characteristic were the lor 
pointed jaws filled with large, acuminat 
came without known ancestors and became irregularly (crookedly?) set teeth pointi 
extinet without leaving descendants. outward and forward instead of backward 
There were numerous genera and species one would expect in a fish-catcher (Fig 
of these flving dragons. The earlier ones had There were multitudes of fishes in the Upp: 
lone lizard-like tails: the later forms had ves Jurassic seas, and these Rhamphorhvnel 
tigial tails and were probably the better must have taken on the wing. But it is son 
fliers. Certainly among them were the lare what difficult to understand how in full flig! 
est flving animals the world has ever seen he could cateh and hold his slippery, sea 
Kor food possibly indeed probably ) all of prey with these forwardly pointing teet! 
them, among other edible things, caught and Then when he had caught a fish, how cou 
ate fishes as is indicated by the structure he, even by elevating his head, have got 
of their teeth. Our attention will be con started down his throat against the oppos 


centrated on the three well-known forms tion of these wrong-way-pointing — teet! 


Rhamphorhvnehus, Pterodaetvlus and The paleontologists give no answer to tl 
| i : | 


Pteranodon—all surely fish-catchers question He presumably ate fishes, b 


From Barnum Brown by courtesy of Ninclair Refining Comp 
FIG. 4. RHAMPHORHYNCHUS IN FULL FLIGHT—SEEN FROM BELOW 
THE LONG, NARROW WINGS ARE BOOMED OUT BY THE LIMBS AND TH PRODIGIOUSLY ELONGATED FIFTH 


GER OF EACH HAND. rHE SPATULA AT THE END OF THE TAIL PROBABLY SERVED AS A HORIZONTAL RUDD 
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teeth so ill 


had 


ipted for catching or swallowing fish. 


ely no fish-eater ever 


Furthermore, when this strange little beast 
ne to make a landing, he probably did not 
the ground feet 
Since lis lone tail would be 


ht on because his were 


ak and small. 
encumbrance on the ground, he probably 


hted on a tree trunk to which he eould 


four teet 
this 


reached a 


ne with the clawed toes of all 
‘ig. 1). Up its 
could climb 
2) from which he could launch 


In Figure 1 the flying wine 


rough bark smal] 


ferosaur until he 
‘anch (ig. 
rth in flight. 
ver Is portrayed in oblique dorsal view, 
nd in Figure 4 he is again portrayed in full 
light, but from the ventral aspect. 

The drawings showing the structures and 
tivities of this and other flying dragons are 

course restorations based on the bony 
amework of the beasts, but clothed by the 
agination of the artist, who was guided, 
the eritical eve and judgement 


The artist of Figure 4 


wever, by 
the scientifie man. 
as supervised by Barnum Brown, to whom 
| am indebted for this and other illustrations 
ind for many essential facts about the three 

ne-fingers studied herein. For further in 
mation the reader should consult Brown’s 
‘ving Reptiles’? in Natural History, Vol 

104-111, 1945. 

(ter-o-dak-till-us literally 
short-tailed. but 


Phe rodactylus 


ving-finger,’’ was a very 


ong-necked, flying dragon. It was larger 


{fter Barnum Brown, 194 
FIG. 5. PTERODACTYLUS ALIGHTING 
» CONICAL, UPRIGHT TEETH ARE CONCENTRATED I> 


PART OF EACH JAW OF THIS 


FRONT 


WINGED 


ING-FINGER. 


FISH-CATCHERS 


artist under super 


and, as restored by the 


vision of Barnum Brown, more grotesque 


far more weird in appearance (ig 


in Short 


9) than Rhamphorhynchus. Some 


Spe CleS 


attained the size of an eaele and had loneer 


} 


limbs than the Crooked Beak. The wines ot 


Pterodactylus were larger and heavier, and 


his small teeth, concentrated near the tip of 


each Jaw, were conical and stood upright 


They were much better adapted for catching 


fishes than those of the fly ine’ lizard ist de 


seribed. 


Pterodactvlus probably caught and 


more fishes than his distant cousin, Rham 


activity, there is 


rhynehus. Of this 


tunately a splendid portraval made under 
the supervision of one of the ereatest authori 
l Prof. Othenio Abel 


ersity of Vienna Kie, 6 


ties on the 


the Univ 


pterosaurs, 


Swoopine down on wide-extended 


Pterodactylus picked lp his surtace-swin 


ming prev as our present marine birds do 


| 1.1 , 
thre TOOTHLeSS Wwineved one 


Pteranodon 


] l 


, . 
was the lareest and. because of his extraord! 


nary wing development, the best flyer of all 


the pterosaurs. His head was drawn out in 


front into long, dagger-shaped, toothless 


jaws and behind into a lone thin supra 
Brown thinks that the latter 

probably served as a rudder when this flying 

ie, 7 


place of the 


ocelpital crest 


dragon dived headlong at its prey 
If it 


spatulate rudder on the tail of 


: ; 
sO Tunctioned, it took the 
Rhampho 


rhvnehus 





THE SCIENTIFIC MONTHLY 


Pesos Ras 


ifter Barnum Brown, 1 
FIG. 7. PTERANODON, THE ORIGINAL DIVE BOMBER, IN FULL FLIGHT. 
IT WAS THE LARGEST FLYING ANIMAL OF ALL TIME, ACCORDING TO PALEONTOLOGISTS. FROM THE FRANK 
DEN SWEET MURAL (‘* WINDOW TO THE PAST’’ IN THE AMERICAN MUSEUM OF NATURAL HISTORY, NEW Y¢ 
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FIG. 8. 
SKULL PRODUCED 
SKELETON 


WINGSPREAD 


IS IN FRONT INTO 
TO FORM A 
FEET, BUT 


LONG 
IS FUSED 


WAS 20 


STRONG SI 
THE HOLI!I 


A 
OoO\" 


The most perfect skeletons have been found 
in the Niobrara Cretaceous deposits of Kan 
sas. The anterior limbs, and especially the 
‘little fingers,’’? are enormously elongated, 
and the wingspread of some &-foot specimens 
was 20 or more feet. Despite the great wing 
spread, these light-boned animals weighed 
surprisingly little, probably not more than 
25 pounds for a 20-foot specimen. Compare 
it with an albatross having an 11-foot spread 
and a weight of about 17 pounds. Brown 
thus characterizes the strongly knit skeleton : 
‘A rigid of 
shoulder girdle, and breastbone 


framework fused backbones. 
furnished 
support for the enormous wings and for the 
attachment of muscles necessary to hold them 
in position, an arrangement unparalleled for 
streneth among other animals.’’ This highiy 
coordinated bony framework is admirably 
in which, however, 
if 


wine-bear- 


portrayed in Figure 8, 
the not 
removed so that 


shown, since has 


the 


breast bone is 


been fused 
ing bones may be seen. 

The paleontologists have long been puzzled 
over the food of the toothless Pteranodon. but 
they conjectured that it must have been fishes 
taken on the wing. 
ently been proven correct by the prepara 
tion here in the American Museum of the 

er jaw of a specimen. In the pelican-like 

oat-pouch between the bones of the lower 


This conjecture has re 


were found the vertebrae of two kinds 
fishes—the remains of the last supper of 
his particular flying dragon. For 
's his toothless jaws were no more in 
‘tive than 


t takine 


‘ 


are those of a tern or gull. 


WINGED 


THE SKELETON OF PTERANODON SHOWN 
TOOTHLESS 
PPOR' 


BON 


FISH-CATCHERS 


{fte 
iN VENTRAL 
BEHIND 1 


Brown, 


ASPECT 


Barnum 


JAWS AND NTO 
FOR THI 


SED It ro 


WIN¢ 


What an awesome sight it would have been, 
could one have seen a flock of these Pterano 
the that 
the bombers 


down on twenty-foot wings 


dons largest animals have ever 


flown, original dive SWOO] 


(Fie. 7) 
school of fishes in the Cretaceous seas of the 


Over a 
IKXkansas of the Mesozoie era. Since thev were 


extremely highly specialized, the Pterano 


dons became extinct as the Mesozoic closed 
Before leaving the flying dragons, it will 
be interesting to quote Sir Richard 

the flying 
pinions must have appeared like the soaring 
the fea 
tures of leathern wings with crooked claws 


(wen: 


rept ile with outstretched 


Roe of Arabian romance, but with 
superindueed, and gaping mouth with threat 
ening teeth.”’ 

The extinet pterosaurs were the only rep 
tiles that have ever really flown. However, 
among present-day animals of this group are 
The 


*flving 


some that are called flyers 
the 
Draco volans, ot the Kast 
g 


best ex 


ample is so-called dragon,”’ 
Indies and south 
eastern Asia (Fie. It has an umbrella 
front to 

These 


membranes are distended partly by the limbs 
but mainly by the movable ribs 


like membrane on each side from 


hind limb, each being partially free. 


They act 
simply as the wings of a glider and enable 
this lizard to glide or volplane from one limb 
of a tree to another, to another tree, or to the 
vround. But d the 


pterosaurs nor flap its wings as the flying 


Draco cannot soar as di 


lizards may have done. Among mammals 
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and third fingers are tied fast to the w 
The four fingers act like the ribs of an 
brella to distend the membrane. To-aid 
this distension is the hind limb with t 
elongated great toe fast to the edge of 1 
hinder part of the wing, the other toes be 
free. The tail also plays its part in this « 
tension (Fig. 10). In the pterosaur the h 
limb did its share of stretching the w 
while even in the tailed forms the tail play 
only a little part. With these shorter 
stronger wine's bats can both beat the air 
soar, Whereas the pterosaur was practica 
confined to soaring. 

But the chiropterans are not direct dese 
dants and close relatives of the pterosal 


Bats are mammals and are far removed 
a time and structure from the reptiles. Tl) 


From H. G. Seeley, 1901 have frag@ile bodies and wine's, and these a 
THE FLYING DRAGON their manner of life make their fossilizat 


Draco volans, FOR GLIDING ONLY, > on rh . 
a matter of great difficulty. Their 
ND BY MOVABLI RIBS. . : ‘ 
remains are very rare. Consequently 


the well-known flying squirrel has a similar "Ot Known when they first appeared, 
membrane, unsupported by ribs, with which Guite surely not im the Mesozoic. TI 
‘t also glides earliest remains have been found in 

Kocene, the opening period of the Age 


The thoughtful reader has already con Mammals. But it should be noted that t] 

4 ; j i] ore °° ertec ] a ( ( ae ¢ Ss 
trasted the pterosaurs with the only mam-  /OSSUS were “perfectly goo L"” bats. 
mals that have ever really attained the power \\ hether these early winged mamn 
of flight—the Bats or Chiroptera (hand- “&T® fishers like the pterosaurs cannot 
winged ones). Every one knows that the bat i but it " probable that the) ait 
: . owever, as lave show artic 
has on the side a membrane extending from ) schsianh dee ‘ a - ‘ * a : 
. there are seattered aron he world to 
the front limb backward to, and embracing, , peaiget+ % = sai 1 f 
: ‘ . : some ats that are Sh-catehers and 
the hind limb and at the short tail coaleseine ass T P le nie jo Le of 
, : ns eaters. hus izonyr in the l or 
with the membrane from the other side (Fie. nije epee : iden 
ay fornia 1s a fish-eater. So also in India 
10). But the pterosaur had all the digits : oe sae , 

Burma certain false vampire bats (ge 
| 


Wegaderma) eat fishes. But the best kni 


fish-eatechine bat is Noctilio leporinus, 


of the forelimb free save the last (the little 
fineer), which, actine as a boom, stretched 
the wine membrane taut for flight: the bat : ig 
he ng illegal ' ? rabbit-nosed bat of the Caribbean ree 


Krom time to time numbers of these b 


has only the thumb free, while the second 


have been seen fishing around Monos Isl: 
off the northwest coast of Trindad. Sp 
mens taken at Monos and in Surinam | 
been found to have their stomachs cram) 
with fish remains. <An article on this 


catcher is in press. 


THE ODONTORNITHES OR TOOTHED BirD 
OF THE Mesozoic Era 
ifter Goodwin, 19 . , 
; ,amm , omnes Of all 
ELG. : BAT AND ITS WING 
rH rHUMB NI I> FREE: rut FINGERS BOOM 
THE WING, 4 LIKE THE RIBS OF AN UMBRELLA. among the most highly prized. And tl 


fossil remains, those of birds 


ovr among the rarest, and accordingly they 
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HESPERORNIS REGALIS, THE GR 


FEI LONG, WAS ( 


rticularly true of the Odontornithes, the 


othed birds. All of us have used the phrase hollow bones and the rudiments 


us scarce as hens’ teeth’? to emphasize the ‘other, with a highly pneumatic! 
that the thing referred to simply does | wings, was al 
exist. Yet in the upper Jurassic an 


l'¢ some 


fossilized skeleton 


ers, but their 


lle (C'retaceous deposits are found 
1S ot birds with toothed jaws Two Ol rramework 


birds flew with bird-feathered wines were birds 


helminely bird; 


even hey did have teeth 


the third was a wingless diver They were discovered — by 
lhe earhest of these was Archaeopteryx paleontologist, O. ¢ Marsh « 
f the vy, in 1870-1872, in the Middle 


ent winged one, or ancient flyer o 
er Jurassic. It was feathered and flew f western Kan and 
feathered wines but these feathers Ont: D1 hin a publ ( 
v hid its reptilian characters; it 
equally lizard and bird. It was 
weller, and since it did not cateh 
iv be passed by with these few 
The other Odontornithes wer xtended from 
tic birds and fish-catchers, which Mountains quite 500 miles to the 
he scene thousands of vears after Are} unknown northern and southern 
very, the lizard bird. this sea were a vrei VarietV and abundances 
r all their equipment of teeth, these — of fishes, and 


Thered 
tornithes were true birds. Externally flour 
had the form of birds and were covered The two forms to 


t stil but were the desce 


feathers; rudimentary perhaps but 
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After Knipe, 1905 
ICHTHYORNIS VICTOR 

BIRDS, THIS FISH-BIRD, 
A STRONG FLYER. 


FIG. 12. 
THE LAST OF THE TOOTHED 
ABOUT THE SIZE OF A PIGEON, WAS 
tilian flesh-eaters. They possessed not a few 
reptilian characters but the most obvious was 


backwardly 


their sharp-pointed, conical, 
hooked teeth composed of dentine covered 
with smooth, shining enamel—teeth emi- 


Now our present-day birds 


nently reptilian. 
horny 


bony jawbones covered with 


These sheaths are sometimes Jagged 
The Odontor- 


have 
sheaths. 
or serrate but never toothed. 
nithes lacked these horny sheaths and had 
their teeth implanted in the jawbones. The 
two toothed birds being studied were con- 
temporaries, but very different in certain 
structures and in manner of life. However, 
they had in common long spearlike jaws beset 
with recurved teeth—almost perfect instru- 
ments for the capture, retention, and inges- 


tion of fishes. 


Hespe rornis ve qalis is the first to be econ- 
sidered. In 1871 0. C. Marsh was the for- 
tunate discoverer, in the Niobrara deposits 
of western Kansas, of an almost complete 
skeleton of the ‘‘ Royal Western Bird.’? And 
such indeed it was, for it measured near] 
How- 


(non- 


six feet from tip of beak to end of toes. 
ever, it was flightless, having a flat 
keeled) breast bone and only the remnant of 
the upper wing bone (humerus) covered over 
by the skin and possibly by muscles. Even 
lacking wings it was still completely aquatic, 
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since its powerful legs and marvellousl, 
veloped swimming feet admirably fitted 
for such a lite (Fig. 11). Like the pres 
day loon it probably spent little time as! 
save for nest-building and breeding. 

Also in keeping with its flightless aqua 
life was its complement of teeth, the loy 
jaw being toothed throughout and the hin 
two-fifths of the upper jaw likewise so arn 
These teeth had large bases and were set i: 
These ja 


with their eonieal, sharp-pointed, and ba 


continuous groove in each jaw. 


wardly hooked teeth were admirably adapt 
for catching and holding active, scale-c 
slippery fishes. The teeth were plainly 
tilian, but on the other hand, from a foss 
ized impression of the skin of the upper 
Hesperornis is thought to have been 
with smooth, soft, hai 


pletely eovered 


feathers (Fig. 11) similar to those found 
the present-day flightless, but land-dwel 
Apteryx of New Zealand. 

Everything about Hesperornis attes<s 1 
it was the largest and most powerful sw 
ming and divine that 
Lacking even rudimentary wines, but 


bird has ever lis 
the long-beaked head set at the top of a | 
flexible neck, its jaws beset with sharp hoo 
teeth, and its long and powerful legs end 
in huge swimming feet, it was a fish-cate! 
of the first rank among divine birds past 
present (Fig. 1] 


Ichthyornis victor, the other toothed b 
was also discovered by Marsh and in 
same Cretaceous deposits in Kansas. O 
one restoration of the bird as it looked in 
flesh has ever been made, so far as I ki 
Kieure 12, it 
built, pigeon-like bird. 


shows a small, w 


It had a rather | 


Seen in 


neck ending in a large head and a lone 
beset with strong teeth. In marked cont 
to the mouth and forwardly pointing 
of the flying lizard, Rramphorhynehus 
jaws and backwardly hooked teeth ot 
toothed bird, ichthyornis, surely constit 
a far more efficient fish trap. The lees 
feet are small in comparison with thos 
Hesperornis, but also in marked contrast 
its long powerful wings. So much fo 
general external appearance. 

But to see how well this flying fisher 
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sly , quipped to take fishes at the surface 
ited ‘ » water, the skeletal structure must be 
reseiit- Far jied. No complete skeleton has ever been 
ashore FR |, but Marsh has portrayed a restoration 
the missing bones in outline (Fig. 13). 
qua this it is seen how weak was the leg 
low opment, and in contrast how powertul 
hind the wings. Then note the relatively 
irmecd. Bi) plowshare-like sternum for the attach 
et ina Byvent of the great flying muscles. Long, 
Pp jaws BB ¢ wing bones, big keeled sternum, and 
bar skeleton highly pneumaticized throughout, 
lapti rroclaim Iechthyornis to have been a 
e-C1 strong flyver—in marked contrast to the sub- 

y re : tic manner of life of the Great Diver. 
[OSs (hese avian characters are very apparent 
er wud tend to obscure the less apparent rep- 
col ! ones; nevertheless, these are present in 
url vy parts of the skeleton. The arrange- 
nd nent of the teeth in both jaws duplieated 
ellin of Hesperornis. These reptilian teeth 
smaller, were  sharp-pointed and 
su strongly hooked toward the gullet. Unlike 
Swill teeth of Hesperornis, each tooth was set 
live a distinet socket. Another skeletal char 
wit acter in which Iehthyvornis especially differed 
i long the Great Diver and from all other 
ook s is found in the vertebrae. Marsh (p 
nding R119) states that ‘ their biconcave verte 
itch separate them widely from all birds 
ast ent and extinet, and point back unmistak- 
toa very lowly ancestry, even below the 
tiles.”’ And later he more explicitly says 
bir 179) of these biconeave or fishlike verte 
nu ie: ** This form is seen in a few recent and 
Or any extinet Reptiles, and in the Am 
in 1] bians; but it is especially characteristic of 
sit shes, from which it was undoubtedly in 
W rited by the superior groups. This charac 
lone Biter alone indieates great antiquity for the 
S| ss of birds’’—and especially for that one 
ras! Bttingly named Ichthyornis, (ichthys, fish; 


teet . bird). 
s l-hthvornis was distinetly an aquatie bird, 
¢ its piscine prey in the warm Meso- 
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ifter Marsh, 1 

FIG. 1 SKELETON OF ICHTILYORNIS 
OTABLI I K LEGS, THE POWERFUL W 
HE HUGE KEI »S , ¥ ND Hit OOTH ) 


On this point Marsh gives evidene: 


ZO1C Seas 


that ‘‘Its food was probably fishes, as their 


remains are found in great abundance min 


vled with those of Ichthyvornis.’’ Sinee its 


bones are found in the same Cretaceous de 
posits with those of the toothless Pteranodon., 
lehthyornis must have competed with the 
latter for the fishes in the 


they both flew. 


waters above which 


With the passing of the Mesozoie and the 
advent of the Cenozoic, or era of present-day 
life, the flying dragons and the toothed birds 
Their successors wer 


And 


return to the gulls, terns, cormorants 


pass from the scene 
the ancestors of the birds of our times 
sO We 
and pelicans of our shores and of the waters 


around the Bird Islands oT Pe ru 








SCIENCE WORKS WITH THE ARMED FORCES 


By REAR ADMIRAL J. A. FURER 


to make 


this meeting, he said that | 


Jewett invited me a 


WHEN 


fey 


Dr. 

remarks at 
might talk on any subject that would help 
the scientist to see the point of view of the 
military man, and vice versa. So [am going 
to discuss the human relationships between 
scientists on the one hand and professional 
Army and Navy officers on the other. In my) 
job as the Navy’s Coordinator of Research 
and Development, [ find that [ spend more 
time coordinating human beings than [ do in 
research = and 


that 


coordinating development 
And l to be 


times when the tables are turned and other 


ceontess there seem 


must 
human beings begin to coordinate me. 
Karly in my present assignment [ discoy 
ered that the scientist and the militarv man 
The common 


been impressed also with the fact that the 


have a common denominator. 
denominator is intellectual honesty. have 
world of science is not so impersonal and far 
removed from the common touch as is often 
supposed. I have found that scientists and 
professional military men alike are motivated 
by the same basic instinets and ideals—b) 
pride in accomplishment, by desire for recog 
nition for a job well done, by a passion for 
service, and by a deep sense of responsibility. 
And fact ! 


found that seientists are generally intensely 


a too seldom appreciated 


practical people. Once they are given the 
military considerations involved, they can 
drive forward to a common-sense solution of 
a problem with a directness that comes as a 
surprise to those who think of scientists as 
living on a plane bevond the everyday world. 

You will note that [ have emphasized pro 
fessional military men. The vast majority of 
officers in time of war are not professional 
Army and Navy officers. The 
cers, for example, who deal with scientific 


reserve. offi 


matters are mostly scientists themselves, and 
they are a fine lot. 
ofticer—the officer 
ing and experience must fill the higher posi 
Na 
C., 


It is the professional 


who, because of his train 


the 
1D). 


a closed meeting of 
Washington, 


before 


of 


An address 


tional Academy 


April 24, 1944. 


Serences in 





tion of responsibility—who needs most 


eve to eve with the scientist. In other y 





t 1s the ‘*Brass Hat’’ versus the ‘‘( 
Brain’? bogey which pops up to plas 
from time to time. 

It is perhaps only natural that 
hattism’”?’ easily becomes a term of « 


br) 


VOoORS 


um in the public mind whenever anyt 
Gold the 


becomes the mark of a closed mind 


wrong braid on cal 
requires trepanning to inj 


Asa facet, a lit 
experience and the 


skull that 


matter of 


simple idea. 


wartime 


ot respol 
ties that go with brass hats usually ma 
wearer a pretty sound individual. [ka 


very few cases in which scientists and 





hats have not aequired considerable 
for each other’s abilities—often to the 


ishment of both parties ! 


In the mobilization of science for 
am particularly proud of our mutual acl 
ments in working out the human pro! 


It is not always easyv TO resolve the diff 
points of view of the seientist and th 
In 


very 


our 
In nor 
times the scientist looks upon the worl 
Ie likes to take all mai 


tary officer. many respects 


erounds are dissimilar. 
friend|s\ world. 
into his confidence as soon as he makes 
covery. He wants his inventions and « 
He has a n: 


eries put to prompt use. 
human desire to receive credit from his 
fession and from the publie for the fr 
the 


must 


protes 
think « 


labors. 13 contrast, 


Army and Navy 


world as a potentially hostile world. 


his 
officer 


his job to plan for the defense of his co 
Ile 


his eonfidence he 


even in times of apparent peace. 
take the 
one of the fundamental precepts of n 
science is to withhold from the enemy ; 


world into 


as possible all information about 
Wedapors, and resources. 
One of the unheralded victories 0 


war 1s the satisfactory manner in whic! 
divergent points of view have been res 
Today, the war has fused the seienti 


the military mind in the common m 
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service. The scientist has been wise 
vatient in not clamoring for immediate 
t for his contribution to the war effort. 
cation of certain scientific papers has 
cheerfully suspended for the duration 





e laboratory and in the field the scientist 
worked tirelessly and without recogni 
realizing that such recognition must, of 
SSILY, be deferred until the cessation of 
lities. He has deferred to the necessities 
hat is commonly ealled ‘‘red tape,’’ and 
las done this despite the faet that his 
e individualistic existence eries out 
nst the formalized, channelized proce 
which the Army and Navy tell him is 
ssary in dealing with so complicated a 
blem as modern warfare. 
In bringing together the scientist and the 
itary man, we of the military believe that 
too, have contributed materially to the 
will and understanding that have been 
stablished. We, too, have made concessions 
‘the common cause. There are few regu 
iv Army and Navy officers who pretend to 
scientists, Just as there are few scientists 
vo pretend to be experts in applying scien 
tific thinking to the making of war. We of 
Navy have made every effort to remem 
‘our own shortcomings and to enlist the 
id of the scientist in making up our defi 
encies. It ean also be fairly said that we 
e made every effort to eliminate red tape 
your convenience. In the Navy I have 
mistantly striven to get our officers to ex 
iin to the scientist why we do things as we 
'them, to overlook the petty irritations that 
rise In joint undertakings, and to forget 
ersonalities. Our prime responsibility is to 
the war, and our goal is to enlist in this 
rt every ounce of assistance that we can 
simon from the civilian world of science. 
Many of vour fraternity have been taken 
our full confidence on the highest levels 
Dr. Bush, as Chairman of the Joint New 
Neapons Committee, is at an unprecedent 
high military level for a scientist. The 
of eminent scientists in the National 


| 4 : é 
Velonse Research Committee are continually 


/ 


t and are respected. A great many sci- 
's have traveled extensively in the thea 
war. Through the recently established 


of Field Service, scientists are begin 


to appear wherever our forces are en 
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If | were to take a poll of this audience 
to determine vour chief problems in dealing 
with the military, I believe the answer would 
be ‘‘red tape’’ and ‘‘security,’’ in that order 
Now ‘‘red tape’’ is something that [ have no 
desire to defend if the phrase is employed in 
the uncomplimentary sense in which it is 
generally used. But I will undertake to di 
fend it if defined in the sense that | would 
define it—namely, as orderly procedure. We 


all like to dispense with procedure and to 


arrive at immediate deeisions We like to 
cut out the ‘Smiddleman’’ and to shorten the 
chain of command to eget thines done In 
other words, we like to take short cuts 


There are times when short cuts are good and 
there are other times when they are not. If 
vou are late catching the bus in the morning 
and take a short cut across vour neighbor’s 
lawn, he will not object if it happens once o1 
twice. But if one hundred other people 
began taking short cuts across his lawn, that 
would be different. I suspect he would set 
up signs and try to channelize the traffic 
around his lawn. Now in organizations as 
large as the Army and Navy, it is absolutely 
necessary to set up procedures to direct the 
traffic and to fix authority and responsibility 
These procedures are not needed perhaps in 
vour laboratories, or, for example, in a small 
business establishment. But the Navy is no 
longer small business. Orderly procedure 
is necessary to avert traffic jams. And the 
need for orderly procedure increases arith 
metically, if not geometrically, as the size of 
the undertaking increases 

You may think my remarks are purely aea 
demic. But let me cite an incident where 
failure to follow orderly procedure came 
near to causing trouble A few months ago, 
| arranged for a small group of seientists 
and an officer from my staff to visit a unit of 
the fleet to talk over some problems. The 


Admiral, his staff, and the scientists quickly 


found a number of problems that merited 
research attention. At this point the next 
step should have been a letter from the Ad 
miral to the cognizant Bureau, putting the 
wheels in motion. But instead, negotiations 
were started directly between the Admiral 
and the scientists to work out these problems 
without reference to the Bureaus concerned 


I believe that both the Admiral and the seien 
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tists were quite unaware of the importance 
of getting the ultimately responsible bureau 
people into the picture from the beginning. 
As soon as the chairman of the appropriate 
NDRC committee and [ became aware of the 
situation, we got the matter straightened out 
before it had done any more damage than to 
upset a few of the most competent officers | 
know in the Navy. It was not merely a mat 


ter of feelings. The people in the Bureaus 
were ultimately responsible for the work and 
thus were placed in the untenable position 
of having to aecept responsibility without 
being apprised of the undertaking, and, what 
is more important, the scientists might have 
evone along on the work without benefit of the 
experience of the Bureaus. 

Do not get the idea that I or Naval 


officers make a fetish of followine the Mosaic 


most 
law. I myself have frequently lifted proj 
ects out of the routine so as to shorten the 
order TO vet a job 


chain of command in 


started more quickly, This Cannot be done 
in all cases and, if attempted, must always 
be done with judgment and discrimination ; 
otherwise there is no gain. 

Therefore, if 


I do so only out of the depth 


[ do say a kind word for 
““red tape,”’ 
of my long experience. Someone has to look 
for the best interests of the whole fleet, 
and that that the ‘‘ Hats’’ 
trying to do in stressing orderly procedure. 
As for the other most audible complaint 
the handling of security, we of the Army and 
Navy appreciate the cooperation you are giv- 


out 


is all Brass are 


ing us in trving to keep our plans and devices 
away from the enemy as long as _ possible. 
Scientists are playing the game of security 
with commendable forebearance and sports- 
manship. But before you complain about 
the stringency of some of the rules, let me 
hasten to confess that I myself do not think 
that the rules are always sensibly applied. | 
battling to get the rules 
changed necessary. While we al! 


agree that we should prevent helpful infor- 


am constantly 


where 


mation from reaching the enemy, as I see it 
this policy is sometimes carried to the point 
needed information 
I think it is par- 


where we keep much 
away from our own people. 
ticularly shortsighted to restrict too closely 
the number of scientists who are permitted 
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to know about important research proj 
My platform is that anyone who can 
tribute in wartime to the more speedy 
problems should 
On the other |} 
it goes without saying that there is no ju 
inform: 


tion of any of our 


brought into the picture. 
disclosing classified 


cation for 


merely to satisfy someone’s curiosity, 
matter how exalted that person’s pos 
may be. Of course, no matter how dis 


those may be who are in on a secret, 
probability of a leak increases geometri 
with the number of people who know a 
it. The the 


most not large during the researeh and di 


number is, however, at 


opment stage as compared with the nu 


who must know as soon as the devie 


placed in service. 
Almost any reasonably sound proposa 


S 


a new device ean be realized if enouch talent 


and enough money are provided. 


or even very much lag in the flowering 


same ideas in the brains of the enem) 
plow through vast heaps of intelligence 
ports and am pretty well convineed that 
enemy is trving to do all—or most al 

the things we are, and is certainly think 
along virtually the same lines. 
lies in speed of accomplishment. It is 
only way we can keep ahead of the enen: 
this complex technical war of measure 


countermeasure. Together we examin 


Ther 


no such thing as permanent secreey of id 


+ +] 


Prue secu 


problem, vou furnish us the seientifie alt 


native solutions, we both weigh the coro 
problems of manpower, cost, time, and 
duction: and, once the decision is made 


real security lies in how soon the fruits of t! 


job will bring grief to our enemies. 
The following lines from Kipling’s b 


The ‘‘Mary Gloster’’ often strike me as pa 


ticularly appropriate to the technolo; 
warfare being waged between America! 
entists and the enemy, especially the 4 
They copied all they could follow, 
But they couldn’t copy my mind, 


And I left 


A year and a half behind. 


‘em sweating and stealing 


[t is that jump on the enemy that « 
these days, and only with the unselfish 
tion of scientists in laboratories all ove 
country can we maintain and widen our 








ARE WE FACING SEVEN LEAN YEARS? 


By CARL F. TAEUSCH 


Durinea the past seven years, agricultural 
production in this country has been nothing 
short of bounteous. From the standpoint of 
physical production, these have been fat 
years; certainly with respect to such major 
crops as corn, cotton, and wheat, and prob- 
ably also for other crops and livestock prod- 
ucts. What is the likelihood for the future? 

‘‘Man lives not by bread alone,’’ said 
Robert Louis Stevenson; ‘‘he also lives by 
catch phrases.’’ And the biblical story of 
Joseph has been ringing in our ears long 
enough to provide a fertile field for the warn- 
ing that, now that the seven fat years have 
passed, the next seven years may not be so 
plenteous. The warning is supported by the 
reminder that the weather, one of the most 
potent single factors in farm production, has 
been unusually favorable in the recent past, 
and that we may soon face the adverse trends 
of the rainfall cycle. In a sense, this warn- 
ing may also reflect man’s pessimistic pro- 


clivity to say, ‘‘This good cannot keep on 


?? 


indefinitely.’’ Hearing these ominous notes, 
what can we conclude as regards the future? 

The hazards of prophecy are at their maxi- 
mum when agricultural production is being 
forecast. This is the case, not only because 
of the indeterminable weather factor, but 
also because of the bases on which the fore- 
casts are so often predicated. Like the trite 
inquiry, ‘‘ Will the sun rise tomorrow ?,’’ too 
many affirmative answers are based on the 
proposition, ‘‘ Because it always has.’’ And 
the fact that the two major fallacies in this 
answer were pointed out long ago, does not 
seem to disturb this kind of prophet. We do 
not, as a matter of strictly observed fact, 
know that it is true that ‘‘the sun has always 
risen’’—some people never have seen the sun 
rise!—and even if it were true, that does not 
help us with respect to tomorrow’s sun. The 
fact that crop statistics have been available 
in this country only since the War between 
the States and are not too reliable in the 
earlier part of the record limits us in any 
attempts to be even as general in our observa- 


tions as we are in regard to past appearances 
of the sun. And whether next year’s crops 
will follow the patterns of the past is not 
only questioned by such cyclical views as that 
of the seven fat and seven lean years, but 
the prophecy also often stumbles against the 
hard fact of an extremely exceptional year 
or the beginning of a reversal of past trends. 

What can we say, therefore, even in gen- 
eral, as to the prospects for the immediate 
years ahead? Is there a method which is 
better than that of the observer on a hill who 
has seen the sun rise a number of mornings 
in succession and who may have his prophecy 
confirmed tomorrow? Can we approach the 
matter more as the astronomer might, with- 
out even observing the rising of the sun, by 
discovering the various factors at work in a 
complex system that is not subject to daily 
or annual hazards? 


We do need to look at the past record. 
And, although we shall confine ourselves to 
the production trends of three of our major 
crops—corn, cotton, and wheat—we can here 
point out certain other factors in the agri- 
cultural production situation. Agricultural 
production in recent years has been char- 
acterized by a shift from the earlier pre- 
ponderance of field crops as the major source 
of farm income to the present preponderance 
of livestock and livestock products as the 
major direct source. Therefore, the rela- 
tively declining importance of field crops as 
a direct source of gross farm income would 
make recent increases in production and in 
absolute income value all the more signifi- 
cant; and they are as feed the indirect source 
of much of the absolute and relative in- 
creases in farm income from livestock pro- 
duction. Furthermore, even among the field 
crops, these three staple commodities have 
recently been supplemented by other farm 
products, sometimes at their expense. Thus, 
the Agricultural Adjustment program en- 
couraged the diversion of crop acreage to 
increased pasture land, and the outbreak of 
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the war and the cutting off of our south- 
western Pacific sources of vegetable oils wit- 
nessed a tremendous diversion of staple-crop 
acreage to the production of soybeans, pea- 
nuts, and similar crops. The resulting de- 
cline in corn, cotton, and wheat acreage 
makes all the more striking the phenomenon 
of the past seven years, in which the produc- 
tion of these staple crops was not only main- 
tained but even increased. 

Thus, in spite of a reduction of acreage in 
corn during the past seven years, amounting 
to some 9 million acres, or 9 per cent from 
the previous 38-year average, the total an- 
nual number of bushels of corn actually pro- 
duced each year from 1937 to 1943 has been 
among the greatest in our history, averaging 
almost 7 per cent greater than the previous 
38-year average. Cotton acreage, during the 
past seven years, declined relatively even 
more than did corn acreage: over 9 million 
acres, a decline of almost 27 per cent from 
the previous 34-year average. And yet total 
annual cotton production has recently aver- 
aged slightly higher than it ever did prior to 
1937. Wheat does not present such a clear- 
eut picture. The past seven years have 
shown an 18 per cent increase in average 
total annual production over the previous 
40-year average, but total acreage has aver- 
aged 8 per cent higher than before 1937. 

These production records are cited without 
referring to the need or market demands for 
the three commodities. However much ‘‘the 
law of supply and demand’’ may operate 
elsewhere, demand does not operate so simply 
in determining agricultural production. Not 
only is there a considerable lag in its effee- 
tiveness; but often the lack of demand ex- 
pressed in a low price, has stimulated the 
farmer in some years prior to 1937 to in- 
crease his production in order to maintain 
his gross income. The last seven years, it 
must furthermore be remembered, did not in- 
clude the two drought years, 1934 and 1936; 
but the figures for the preceding 34 to 40 
years with which comparisons were made, 
included enough years to reduce appreciably 
the effects of these drought years on the aver- 
age annual production figures. We may con- 
sider ourselves extremely fortunate that we 


had such abundant production recently; 


markets have been stimulated directly and 
indirectly by the war, and we are even using 
up the cotton and wheat surpluses that for 
a while seemed so menacing. But we ar 
disassociating here any relationship between 
demand and production, and are centering 
our attention on production data only. Mar- 
ket and demand considerations, and weather 
conditions, however they may operate as 
causes, should not blur the brute fact that 
agricultural production, at least of corn, cot 
ton, and wheat, has been characterized by 
abundance during the past seven years. 

We ask, ‘‘ Will this abundance continue j 
the immediate future, or are we facing 
reversal of trend so that seven lean years are 
in the offing?’’ A frank answer would hon 
estly have to take account of the possibl 
vagaries of market conditions as well as « 
the weather; and it would have to be, ‘‘ W: 
don’t know.’’ We should not, however, al] 
any answers to go unchallenged which re! 
merely on folklore or on catch-phrases or 
loose analogies. And we may be able to for 
mulate a probable answer on the basis of fac 
tors which underlie the whole product 
situation, factors of which the producti 
figures are symptomatic. And some of thos 
factors may be discovered by analyzing past 
records of acreage, production, and yields 
per acre to see what has determined ou 
agricultural production. 


Agricultural production in America has 
been determined largely by the number ot! 
acres in cultivation. It may seem to som 
be obvious that corn production, for examp! 
is a product of the yield per acre by 
number of acres in corn, whieh it is; an 
that total production varies equally with, or 
proportionally to, both acreage and yie! 
But, strange as it may sound, this latt 
statement is not the case. In general, ev 
since the War between the States, changi 
production has been more nearly prop 
tional to changes in acreage than to chan 
in ylelds. As the West was settled, and new 
corn land was opened up, the total nationa! 
production of corn increased, and it 
creased pretty much in proportion to 
increase in acreage. And this relationsh)] 
between acreage and production was ver) 
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close, in view of the fact that national-aver- 
age yields per acre remained almost constant, 
when averaged over 15 or more years, until 
fairly recently. It has been only compara- 
tively recently, as the acreages of corn, cot- 
ton, and wheat have become stabilized or 
have declined, that one can see—as one would 
expect—an appreciable and _ increasingly 
close correlation between yields per acre aiid 
total production. 

This phenomenon of practically constant 
yields, prior to 1937, is startling. It would 
evidence no appreciable effect of all the edu- 
cational work of the colleges of agriculture 
and the federal and state departments of 
agriculture, at least in the direction of im- 
rroved farm management which presumably 
vould result in inereasing yields per acre. 
The pre-1937 record of yields also stands out 
sharply in contrast with that of the past 
seven years, during which time this previous 
record of constant yields, over periods of 
that many or more successive years, has been 
broken for the first time since the War be- 
tween the States. From 1867 to 1936 corn 
production averaged over successive periods 
of 15 or more years and for the total 70-year 
period almost exactly 26 bushels per acre. 
The more recent part of that 70-year record, 
namely 1899-36, averaged even slightly less 
than the earlier (1867-98) part of that 
period, showing that there was no pre-1937 
trend toward inereasing yields of corn per 
acre. For the past seven years, however, the 
national average yield of corn per acre has 
been slightly over 30 bushels. So also with 
cotton. Yields averaged around 180 pounds 
per acre from 1876 to 1936. From 1876 to 
1902 they were slightly more; from 1903 to 
1936 they were slightly less. During the past 
seven years, cotton yields have averaged 
almost 250 pounds per acre. Wheat aver- 
aged from 13 to 14 bushels per acre from 
1866 to 1936, with little variation in the aver- 
ages of successive periods of 13 to 18 vears 
during that time. For the past seven years, 
wheat has averaged over 15 bushels per acre, 
with the more recent years showing even 
higher figures. 

How can we account for this interesting 
phenomenon of constant yields of these three 
major commodities over so long a_ period 


| 
1 
y 


prior to 1937? Acreage and total production 
were both increasing appreciably, but they 
were increasing proportionally to each other. 
True, as crop acreage was increasing, it was 
extending itself into the newer western areas 
and the result may have been that the richer 
and more productive or the drier and prob- 
ably less productive areas neutralized any 
possible decreases or increases in crop yields 
in the older, eastern areas. But a study of 
yields in the older agricultural states shows 
the same phenomenon of relatively uniform 
yields throughout the total pre-1937 period. 
Weather conditions, especially favorable 
rainfall or drought, may have increased or 
decreased production and yields in particu- 
lar years. But in general, the correlation be- 
tween acreage and production, prior to 1937, 
was much higher (C.89 for corn, 0.93 for cot 
ton, and 0.95 for wheat) than it was between 
yields and production (0.473 for corn, 0.407 
for cotton, and 0.647 for wheat). However 
we may account for the phenomenon, the fact 
seems to be clear that, at least prior to 1937, 
the total national production of corn, cotton, 
and wheat, was much more nearly propor- 
tional to acreage than it was to yields per 
acre. During the past seven years, begin- 
ning with 1937, the reverse has been true: 
annual production totals of corn and cotton 
have been much more nearly proportional 
to yields per acre than to number of acres 
harvested, and the total annual production 
of wheat has been relatively more so. 

Now, it is conceivable and highly probable 
that, with vast areas of cheap land available, 
farmers preferred to engage in what may be 
called extensive farming, rather than in the 
more expensive operations of intensive culti- 
vation which might have produced higher 
yields. Higher yields, as such, are not neces 
sarily synonymous with sound farm manage 
ment. Land was cheaper than labor, and it 
could be expected that cultivated acreage 
would be extended westward rapidly as an 
expression of more intelligent management 
than one which would adopt the policy of 
more intensive operation in the older eastern 
areas. Furthermore, it is understandable 
why the Agricultural Adjustment program 
of the early 1930’s adopted the methods it 
did: crop-production changes from year to 
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year had for a long time been closely propor- 
tional to annual changes in acreage; there- 
fore any program of crop curtailment could 
be expected to be achieved best by a reduc- 
tion in acreage. What actually happened— 
that suggested acreage curtailments were not 
fully effected, that two severe droughts cur- 
tailed production through declining yields 
as much as the program had contemplated 
effecting through reduced acreage, and that 
the more intensive cultivation of the reduced 
acreage may have neutralized in part the ob- 
jective of the program—does not affect the 
main proposition, that yields had been a rela- 
tively constant factor in American agricul- 
tural production up to 1937, and_ that 
changes in total crop production, at least 
until 1937, had been pretty closely propor- 
tional to changes in the amount of acreage 
harvested. 


What has happened during the past seven 
years, therefore, stands out all the more 
clearly by contrast with the preceding rec- 
ord. Increased or maintained total national 
production of corn, cotton, and wheat is not 
a new story in American agriculture. But 
it is something new that production has been 
increased over a period of several successive 
years without increasing acreage, or that it 
has been maintained with decreasing acreage. 
What has happened has been the startling 
increase in yields. 

Corn, with a relatively constant national 
average yield of less than 26 bushels per acre 
for some 70 years prior to 1937, or for 
periods of 15 or more years during that time, 
has averaged over 30 bushels per acre during 
the past 7 years, and immediately following 
a 38-year average of less than 26 bushels per 
acre. In the last 7 successive years, the 
minimum average national yield has been 28 
bushels per acre; in 1942 the yield was just 
under 35 bushels per acre. In 1943, the yield 
was 30 bushels per acre, a figure achieved by 
any annual yield only four times in the pre- 
vious 70 years. 

Cotton, with average annual yields pre- 
viously ranging from 160 to 190 pounds per 
acre for periods of 13 years or more, and a 
national pre-1937 average of 180 pounds, has 
averaged 248 pounds per acre since 1936. 


This latter figure had never before been 
achieved in any single year, the highest pre 
vious yield having been 225 pounds; in onl; 
12 years previously did cotton yields exceed 
200 pounds per acre. In 1942, the yield was 
275 pounds per acre; in 1943, 259 pounds 

Wheat yields during the latter part of the 
pre-1937 period showed a slight rise over th 
earlier part of that period—from around 13 
bushels per acre to around 14. The past 
seven years have averaged 15.3 bushels per 
acre. In 1942, the yield was 18.65 bushels 
per acre; in 1943, it was 16 bushels. 

It is generally agreed that favorable 
weather had much to do with these unusuv- 
ally high yields during the past seven years 
Rainfall was abundant and generally came 
at the right time in the growing season 
When it did not—last year too much rai 
fall in the spring retarded planting and 
rotted much seed in the ground—later war 
weather overcame this handicap. Rainfall 
has been increasing since the drought years; 
we are still in the upswing of the rainfall 
eyele, and this fact provides the pessimists 
among the prophets with their strongest 
argument that lean years are looming ahead 

But other factors are also at work, and 
they are significant as regards future possi- 
bilities. Selection and use of better seed has 
worked for higher yields, especially sinc 
1936 as regards corn and cotton. The exten 
sion of the use of hybrid corn has had noth- 
ing short of phenomenal results. Iowa has 
averaged over 50 bushels of corn per acr 
during the past seven years, a yield of 6 
bushels having been reached in 1942. [li 
nois, Ohio, and Indiana averaged over 4) 
bushels per acre since 1936. Average na- 
tional yields in the: future are bound to re- 
fiect the extension of hybrid corn into the 
western and southern areas, where yields 
have been less than 20 bushels per acre and 
where hybrid corn has only tardily been 
introduced. Cotton yields in the bigger 
areas of Texas and Oklahoma rose above 179 
pounds per acre during the past seven years, 
a large yield for that region. In the Missis- 
sippi Delta region, yields averaged well 
above 325 pounds per acre, Alabama and 
Georgia topped 230 pounds, and the Caro- 
linas were well over 300 pounds to the acre 
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These are unusually high yields for these 
respective areas, and they have been pretty 
well sustained during the past seven succes- 
sive years. True, a high-yielding seed may 
not necessarily produce the better grades of 
cotton—we are actually facing an insuffi- 
cient supply of the longer staples—but what- 
ever the high total-production figures may 
signify, economically or otherwise, they have 
been increasingly the result of higher yields, 
and a part of this higher yield can be attrib- 
uted to better seed. Uniform-staple com- 
munities have been increasing, and the secur- 
ing of better grades of seed—aside from their 
high-yield virtues—is one of the important 
functions of such organizations. Where the 
higher-yielding seeds are adopted by such 
communities because they also provide uni- 
form staples that are in relatively greater 
demand, the resulting production is of es- 
pecial value. The wheat situation is not so 
clear, and the more modest increases in re- 
cent national average yields may be due 
solely to the weather. At least there is less 
evidence of the prevalent use of the higher- 
vielding varieties of seedwheat, although 
there has always been a demand for, and in- 
‘reasing use of, disease- and drought-resisting 
varieties, which contribute to increasing 
5 ields. 

Better cultivation, increased mechaniza- 
tion, greater use of fertilizers, and other im- 
proved farm practices, including the use of 
adequate amounts of insecticide on cotton, 
have also contributed to the results of higher 
vields. The balancing of land values against 
labor costs may determine the relative swings 
to more or less intensive cultivation, but the 
completion of the settlement of our best 
lands has more recently weighted the scales 
heavily in the direction of better utilizing 
available land, especially by increasing 
vields. The soil-conservation practices be- 
gun in the early 1930’s at that time salvaged 
our fast-wasting soil; now those soil-building 
practices are beginning to pay dividends by 
also contributing to higher yields. The 
‘ever-normal granary’’ is not confined to 
stocks of food or fiber on hand; it also con- 
sists in providing a reservoir of well-condi- 
tioned soils. The diversion, to other crops 
and to pasture, of low-yielding corn, cotton, 


and wheat land has reduced considerably 
the acreage devoted to the three staple crops; 
while this may seem to achieve a result of 
higher yields by statistical methuds,* it is 
indicative of better farm management. And 
the maintenance of, or even increase in, the 
total national production of corn, cotton, and 
wheat on the reduced acreage, makes the re- 
sulting total national production as well as 
the higher yields per acre all the more sig- 
nificant, in view of the fact that the addi- 
tional crops and pasture produced on most 
of those diverted acres practically constitute 
a net increase in the nation’s food supply. 


The greater productivity of the past seven 
fat years thus comes to be seen as a result of 
many factors, which do not by any means 
resolve themselves merely to the vagaries of 


the weather. It is highly doubtful that there 


will be any cyclical swings in better seed 


selection or in other forms of better farm 
management that were learned and applied 
during the past decade. Thev are here to 
stay. Labor shortages and difficulties in se- 
euring farm machinery, fertilizer, and in- 
secticides may temporarily check any pro- 
elivities toward further intensive cultivation, 
but these will not apply to the postwar 
period. Price and farm income trends may 
seriously interfere with the continued opera- 
tion of the controllable production instru- 
ments which have recently resulted in higher 
yields, but they are also in part man-made 
and are therefore amenable to intelligent 
lerislative policies and individual cost con- 
trols. In short, it seems as if we face the 
possibility of 
operation of many of the factors which have 
effected the phenomenally high yields of 
corn, cotton, and wheat during the past seven 
vears, and therefore of providing an abun- 
dance of food and fiber for a war-ridden 


intelligently continuing the 


world. The weather may qualify the results, 


1 Abandoned acreage (acres planted but not har 
vested) may at first appear as even a more extreme 
ease of the same potential fallacy. Although a part 
of the abandonment of planted acreage results from 
drought, floods, hail, ete., some of it also arises from 
the fact that the original planting of such acreages 
In any case, the factor 
the figures here 


was due to poor judgment. 
does not enter into our calculations; 
cited are based on harvested acreage. 
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but not to the extent of facing us with an the question; good farm management may 
inevitability of seven lean years. even require the diversion of existing poor 
Our dependence in past years on a vast cropland to other purposes. Thus we ar 
and untouched domain for the greater part practically forced to rely on increased or 
of our expanding production, has had to give maintained yields for producing the farm 
way before the brute fact that that source products which are to supply future needs 
ceased to exist. Recently, our reliance has Inasmuch as increased production in the past 
shifted to methods of more intensive cultiva- was obtained largely through increased 
tion, in which the abundance of our farm acreage, because land was cheaper thar 
crops has been obtained by increasing yields. labor, we may now be faced with higher 
Underlying this situation appears to be the farm-labor costs, if we are to increase 
fact that farm production, which formerly maintain yields. But this problem can 
increased largely through the opening up of met by increasing the efficiency of farn 
new land areas and which was largely sub- labor, a possibility which has been resorted 
ject to the vicissitudes of the weather, more to by industry and commerce, but which 
recently has resulted from controllable fac- merely on the threshold of being utilized in 
tors involved in intelligent farm management. agriculture. From the standpoint of phys- 
If increased or maintained total farm pro-_ ical production, therefore ,aside from eco 
duction is needed in the future to feed our nomic events and policies that may distur! 
own people adequately as well as for export, the situation, there is every reason to beliey 
we need to increase either net acreage or that the past seven-year record of aburdane 
yields to accomplish the purpose. Increased can in large part be continued in the futur 
acreage on any considerable scale is out of by increasingly intelligent farming. 


APPENDIX 


Tables 1, 2, and 3 were compiled so as to show This method brings out clearly the relative « 
trends and interrelationships in acreage, production, stancy of the average yields for the successive peri 
and yields of corn, cotton, and wheat. of time for each commodity, except for the n 

The periods were selected, first, by grouping five recent years. It also presents, when the percentages 
sets of approximately equal numbers of consecutive of acreage and production are compared, a roug! 
years, differing for each commodity, and beginning basis for showing the close relationship of these 
with the earliest available records. These periods factors, again until the higher yields of the mo. 
were then checked for the relative homogeneity of recent years changed the situation. 
their constituent years. This was done by shifting The method of multiple correlations provides 
the terminal years of each period to the adjacent substantiating evidence verifying these results, « 
period; if the resulting arrangement increased the cially as regards the relationships over the long 
homogeneity of both periods, the process was re- periods of time. It does not, however, supplant t 
peated until the maximum of homogeneity of the method of averages here employed, especially for 1 
annual figures within each of the five periods was successive shorter time periods, because it does 1 
achieved for each crop. The annual averages were’ disclose the differing bases—of average acreagt 
then calculated for each period; and the percentages production, and yield for the respective periods 
of these averages, with reference to the over-all upon which rest the correlations shown in the fol 
annual average, were calculated. lowing table. 


VALUE OF rf (CORRELATION COEFFICIENT) 


Acreage: Production Production: Yield 
Periods 


Cotton | Wh 


" 
| 
} 
~|—— 
| 
| 


Corn | Cotton Wheat Corn 


0.424 0.667 
0.407 0.647 
0.785 0.546 


Over-all (68-78 yrs.) 0.877 0.871 | 0.942 0.530 
Prior to 1937 (61-71 yrs.) 0.391 | 0.928 | 0.949 0.473 
1937-43 | 0.519 0.980 0.274 0.888 | 
Earlier part, pre-1937 0.922 | 0.936 | 0.937 0.463 | 0.715 | 0.689 
Later part, pre-1937 0.423 | 0.746 | 0.796 0.956 | 0.689 0.605 
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mav TABLE 1. Corn (ANNUAL AVERAGES) 





Yield 
































y00r : “i : —= 
Period No. of Acreage Production 
ro T10C€ eae eaee | 
ear : years (millions) (million bushels) (bushels per acre) 
dor a $$ | —___— — : 
; 1867-1943 77 84.039 2,205.79 26.195 
farm & ee I al 
eeds | Mill. % of 1867- Mill. % of 1867- Bu. per  % of 1867 
! past acres 1943 aver. | bu. 1943 aver. acre 1943 aver. 
eased 
; 1867-83 ly 51.0 60.69 1,308 59.28 25.65 97.93 
than 1884-98 15 | 79.4 94.48 2,079 94.24 26.14 99.79 
igher 999-1915 17 97.4 115.95 2,628 119.15 6.98 103.01 
se Or 116-32 | 17 102.0 121.40 2,646 119.97 25.94 99.01 
n | 1933-43 1] | 92.9 110.58 2,434 110.33 26.29 100.37 
farm 1867-98 32 64.3 76.52 1.669 75.67 | 95.88 98.80 
yrted 1899-1936 | 38 99.4 118.31 2.561 116.10 | 25.74 98.26 
hi 1937-43 7 | 90.7 107.94 2,731 123.82 30.10 114.91 
Cn 1s 
rd it 
Ihys 
eco- TABLE 2. Cotton (ANNUAL AVERAGES) 
sturt 
liey Period | No. of Acreage Production Yield 
al iii years (millions) (million bales) (pounds per acre) 
TT 2 sso a, ane = } as na = = a 
ure 1876-1943 68 27.31 10.6718 | 187.05 
| | 
Mill. % of 1876- | Mill. % of 1876- Lbs. per % of 1876 
| 9 1 ) 
acres 1943 aver, | bales 1943 aver. acre 1943 ave. 
1876-88 13 16.0 58.63 5.965 55.90 171.6 91.74 
con 1889-1902 14 22.9 83.75 | 9.052 84.83 | 189.0 101.05 
| 
T10ds 1903-15 13 31.5 115.24 12.613 118.16 190.9 102.04 
more 1916-29 14 36.8 134.91 | 12.672 118.74 | 163.4 87.37 
tages 1930-43 14 28.8 105.61 | 12.862 120.52 217.8 117.35 
‘Oug | 
4 1876-1902 27 19.6 71.65 7.566 70.90 180.6 96.57 
| _ Pe 
m 103-36 34 34.0 124.44 | 12.679 118.81] 172.8 92.39 
1937-43 7 24.7 90.61 | 12.902 120.89 | 248.3 134.59 
est 
ynger 
U th TABLE 3. Wureat (ANNUAL AVERAGES 
r \ : F 
3 not 7 a | y a ° -e . 
; No. of Acreage Production Yield 
eage, Period ap nen sock ; 
; years (millions) | (million bushels) (bushels per acr 
ds —— a a ; 
fol 1866-1943 78 45.0 623.855 13.683 
Mill. % of 1866- Mill. % of 1866- Bu. per % of 186 
| acres 1937 aver. | bu. 1937 aver. acre 1937 aver. 
1866-78 13 23.8 52.78 296.9 47.59 12.45 90 .5¢ 
1879-96 18 | 37.9 84.16 506.3 81.16 13.32 97.56 
1897-1913 17 47.4 105.40 672.0 107.7 14.19 103.69 
at 1A7 | “on © » 72 2 
1914-29 16 o8./ 130.54 827.6 132.66 14.09 | 0) 
+= 1930-43 14 55.2 122.76 787.3 126.20 14.22 103.90 
17 | | 
6 1866-96 3 | 32.0 71.00 118.5 67.08 12.96 94.68 
1897-1936 40 117.64 739.6 118.56 13.97 6 
+ 1 -~ ¢ wy — 7 - ~ . 
J 1937-43 7 127.61 871.7 139.73 15.30 111.8 
Ps) 








AN EMPIRICIST’S SYSTEM OF THE SCIENCES 


By GUSTAV 


A PHILOSOPHER who presents his views on 
the systematic interrelations between the sei- 
ences is often expected to begin by indicat- 
ing, at least in broad strokes, the philosophi- 
cal position upon which his views on science 


are based. If I were to follow this pattern, 
I would first have to answer such questions 
as these: What is modern empiricism? Is 
its ontology realistic or idealistic? Is its 
epistemology rationalistic like that of Des- 
eartes and Kant, or empiricistic in the sense 
of Berkeley and Hume? Is its position to 
the mind-body problem dualistic or monistic ? 
And so on and so on. Clearly, no worthwhile 
exposition of this kind could be given, not even 
in the most sweeping terms, by way of intro- 
duction to a brief, nontechnical presentation. 
It is therefore rather fortunate that a contem- 
porary empiricist can dispense with such a 
‘*philosophical’’ introduction so long as he 
restricts himself to some of those topics which 
it has become customary of late to discuss 
under the heading of the philosophy of sci- 
ence. For it is a result of the empiricist 
analysis of the epistemological problem that 
this analysis itself is quite irrelevant to the 
methodological understanding of science. In 
this respect modern empiricism finds itself in 
harmony with the intellectual temper of our 
age and its tendency to exalt science at the 
expense of philosophy. However, contem- 
porary empiricists refrain from the extreme 
formulations of those who thought that noth- 
ing could be saved from the apparent wreck- 
age of philosophy except mathematical logic 
and the philosophy or, as they prefer to call 
it, the methodological analysis of science. 
Philosophy or, to make one more verbal con- 
cession to the of well-established 
words, metaphysics will never die. It is true, 
though, that under the impact of both social 
changes and scientific developments philoso- 
phy also changes its form. It seems thus 
safer to say that modern empiricism in its 
fight against the classical frame of reference 
has not so much sueceeded in exterminating 
metaphysies once and for all, but rather that 
it has tried to supplant older and by now 


lovers 


BERGMANN 


outworn ways of philosophical speculation by 
its own characteristic emphasis on mathemati 
eal logic and language analysis on the on 
hand and its own anti-ontological theory of 
knowledge on the other. In this attempt 
modern empiricism has been very successful 
indeed if one is to judge from the impact of 
its conceptions upon contemporary thought, 
both scientifie and social. But lest all this 
sound overconfident, let me add that I, for 
one, am firmly convinced that modern or, as 
one also says, logical or scientific empiricis! 
will in turn not eseape the fate of all histori 
cal phenomena, the fate, that is, of being 
devoured by its own children. 

Historically speaking, scientific empiricisn 
can be traced back to three roots, one Amer 
ican, one British, and one Continental. The 
American root is pragmatism, as represented 
by such men as Peirce, Mead, James, and 
Dewey. The British group is that of th 
Cambridge analysts centered around G. E 
Moore, who led the revolt against idealism in 
England, and Bertrand Russell. Among th: 
Continental thinkers, finally, who 
widely seattered over the geographical ex 
panse of Europe, the best-known group is 
the so-called Vienna Cirele, whose members 
are also spoken of as logical positivists 
The most significant earlier figure in the 
European thought movement was probably 
the physicist-philosopher Ernst Mach wh 
brought the anti-Kantian movement, whic! 
had been started by Helmholtz, to its first 
fruition. Relatively well known among sci- 
entists are also the French mathematician 
philosopher, Henri Poinearé, and the En- 
elishman, Karl Pearson, the author of thi 
once-famous Grammar of Science, whose 
views show a rather close similarity to thos 
of his contemporary, Ernst Mach. 

But this is not a paper on the theory 0! 
knowledge or on the history of philosophical 
The main point here is that, in orde! 


ni 
iu 


were 


ideas. 
to understand completely the logical a 
methodological structure of science, one does 
not need to delve below the level of commo! 
sense and ask such questions as; ‘‘ What is 
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a physical object?’’; ‘‘How can the investi- 
cating scientist be sure that there is anything 
at all outside his consciousness?’’ To say the 
same thing positively, in the philosophy of 
science we ean take it for granted that we 
the meaning of such statements as: 
“There are seventeen chairs in this room’’; 
“The pointer of this instrument is at rest 
or has just moved to the seale point in- 
scribed ‘5,’’? and so on. In such a crude 
and sketchy formulation the phrase ‘‘know- 
ing the meaning’’ may be considered as 
equivalent to the phrase ‘‘knowing how to 
verify.”” Statements as simple as_ those 
which have just been mentioned for the sake 
of illustration are, of course, verified by the 
scientist’s direct observation of simple ob- 
jects or, somewhat more accurately, of physi- 
eal things and certain qualities of them 
which are open to immediate inspection, such 
as eolor and hardness, including certain 
equally simple relations on the qualitative 
level such as mutual position, motion, and 
temporal succession. Even these few remarks 
will suffice to indicate what one means when 
he says that the empiricist analysis of science 
starts from the level of common sense. Let 
us now consider some of the consequences 
of this apparently trivial assumption. 
If all the scientist can verify are state- 
ments about physical things of the simple 
type indieated, and since we obviously shall 
not want to include into any science state- 
ments which are unverifiable, how then, is it 
possible to make scientific statements about 
such ‘‘non-things’’ as electrical currents, 
magnetie fields, gravitational forces, atoms, 
electrons, protons and, on the other end of 
the traditional system of the sciences, about 
human motives, thoughts, perceptions, and 
cultural phenomena in general, on the group 
as well as on the individual level? Looked 
t in this way our starting point, which ap- 
peared to recommend itself as mere common 
sense, seems to be highly restrictive, very 
one-sided indeed, or, at best, heavily biased 
n favor of the so-called physical sciences. 
Before proceeding, I should like to call at- 
tention to the manner in which the traditional 
division between physical, biological, and be- 
havior science is understood in this paper. 
The physical sciences just mentioned compre- 
hend physies and chemistry ; the behavior sci- 


ences are understood to cover such a wide 
range of relative complexity as, at the one end, 
the behavior of animals in a learning experi 
ment and, at the other, the socio-psycholog- 
ical phenomena of man and his society, includ- 
ing the arts and belles-lettres. The biological 
sciences occupy the rest of the field, that is, 
an area which is conveniently visualized as 
intermediate between physical and behavior 
Whether any such division of the 
sciences is a hard and fast one, of 


science. 
basie 
methodological and, as some earlier philoso- 
phies maintained, even metaphysieal signifi- 
cance, or whether it is merely a classificatory 
device within a unified structure, to be ex- 
plained historically and justified only as a 
matter of expediency in view of the neces 
sary division of labor among investigators, is 
one of the main questions every philosophy 
of science has to answer. Empiricists very 
vigorously assert the latter of these two alter- 
natives and maintain what is called, ambigu- 
ously as shall be seen presently, the thesis 
This position 


of the ‘‘unity of science.’’ 
even found expression in the title of one of 
their most representative publications, the 
Encyclopedia of Unified Science, a series of 
monographs published, since 1938, by The 


University of Chicago Press. 


Methodological structure of the physical 
sciences. It seems advisable to restrict our 
problem for the moment and to leave the bio- 
logical and behavior sciences out of consid- 
In other words, I shall first speak 
structure of the 


eration. 
about the methodological 
physical sciences. Since these sciences are not 
only practically most successful but also theo- 
retically and historically the most mature and 
advanced, it stands to reason that from their 
study we shall obtain some valuable hints 
coneerning the task and nature of science in 
general. With respect to the physical SGl- 
ences the problem then stands as follows: 
How can our narrow eriterion, according to 
which all the scientist 
statements about the positions of pointers 
and the shapes of instruments, be reconciled 
with the obvious fact that physicists very 
confidently and successfully use such abstract 
things as ‘electrical field’ and ‘elasticity 
coefficient,’ and such theoretical conceptions 
as ‘atom’ and ‘probability wave’ which no- 


verifies are simple 
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body ever expects to see or touch like physical 
things. It will be noticed that a further dis- 
tinction has just been introduced by refer- 
ring to ‘electrical field’ as a relatively ab- 
stract, and to ‘atom’ as a theoretical, concept. 
The two terms, ‘theoretical’ and ‘abstract,’ 
have not been used at random. 

What is the meaning, according to the 
empiricist eriterion, of the abstract terms 
such as ‘electrical field,’ ‘electrical cur- 
rent,’ and ‘elasticity coefficient?’ These 
terms do not directly refer to physical ob- 
jects and their immediately observable prop- 
There is thus still a problem left. 
But let us now ask under what conditions a 
physicist asserts the presence of an electrical 
field around a conductor or of a current in 
a wire. The wire and the conductor are in- 
deed physical objects, and statements about 
their motion, for instance, are of the sim- 
plicity and conereteness which our meaning 
criterion requires. At this point the ideé 
and the direction of the empiricist analysis 
become clearly visible. Physicists say that 
a conductor, that is a certain physical thing, 
generates an electrical field if, and only if, 
under specifiable conditions, something di- 


erties. 


rectly observable happens to other physical 


things in its neighborhood. The electrical 
current, in turn, is recognized, as one usually 
says, either by the movement of a magnetic 
needle in its neighborhood, or by the heating 
of a resistance, or by the sedimentation of a 
solid substance out of a so-called electrolyti- 
eal solution. Customarily one speaks of these 
three alternative, immediately observable 
events as effects by which the presence of the 
electric current is recognized ; logically, how- 
ever, this is putting the cart before the horse 
and one should rather say that what is meant 
by the presence of an electrical current in a 
wire is, first, that whenever one of the three 
alternative measuring instruments, magnetic, 
thermic, or chemical, is put into its cireuit, 
the corresponding phenomenon will be ob- 
served and, second, that whenever one of 
these tests comes out positive, then the other 
two will also show the expected changes. 
This kind of analysis is what empiricists 
refer to as the ‘‘reduction of an abstract 
term to the physicalistie verification basis.’’ 
Put this way it becomes again plausible 
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enough that even the most abstract terms of 
the physical sciences, such as ‘entropy,’ can 
be thus reduced. Soon it will also be se 
why such theoretical terms as ‘atom’ or ‘ele 
tron’ have so far not been considered. Th¢ 
reduction requires an additional step whi 
does not occur in the reduction of the 
ealled abstract terms or empirical construct 

It has probably been noticed that in orde 
to verify a statement which contains an ab. 
stract term the physicist must perform cer 
tain operations, in the ease of the elect: 
current, for instance, the appropriate manipv- 
lation of the measuring instruments. § 
operations, however, are again specified 
terms of the immediately observable thing 
level (physicalistic verification basis). It 
happens that the empiricist thesis concerni: 
the status of abstract terms or empirical co 
known under the name 
‘‘operationism,’’ a term suggested by 
manipulations just mentioned. What it 
serts can now be expressed in the fo'lowing 
manner: In order to have scientific meaning 
an abstract term must be operationally intro- 
duced from the physicalistic verificatio 
basis. The terms ‘introduced’ and ‘reduced 
are here obviously used as correlatives. 

A physicist, Prof. P. .W. Bridgman 
Harvard, has popularized the term ‘oper 
tionism’ through his book The Logie of M 
ern Physics (1928). But Bridgman was als 
eareful to point out that operationism hard 
deserves to be ealled a philosophical thesis 
since scientists, without necessarily bev 
articulate about it, have always practic 
operationism. As far as the experimentalis 
is concerned, this seems a conservative ass 
tion. Bridgman himself drew his ins 
tion from Einstein’s analysis of the concept 
of simultaneity. This contribution of r 
tivity theory is indeed most convenient 
characterized by means of the operationist 
terminology. For Einstein has pointed ou! 
that the assertion of the simultaneity of 1 
events which are too far apart to be si 
taneously observed by the investigator 
not a statement simple enough to go unc! 
lenged from our viewpoint afd is, therefo! 
in need of operational reduction. 
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methodologically correct definition of ab- 
stract terms or concepts are, indeed, all opera- 
tionism is concerned with. Historically and 
psychologically speaking, the creation of 
helpful concepts is, of course, a very essential 
part of any scientific achievement. But let 
it also be noticed that if a concept is correctly 
defined, it is therefore not necessarily helpful. 
A person’s weight multiplied by the number 
of his hairs and divided by the third power 
of his blood count is a correctly defined em- 
pirical construct, and still one can safely 
predict that it will never receive any atten- 
tion in science. The reason for this is that 
there are no known empirical laws which 
onnect this rather gratuitous creation of my 
whim with other concepts, as pressure, vol- 
ume, and temperature are connected in the 
formula of Boyle and Charles, or which 
would assert its constaney, as Newtonian 
mechanics asserts the constancy of mass. 
Systematically, however, this way of speak- 
ing again puts the cart before the horse. A 
‘oncept appears questionable to us if, and 
mly if, there are no known laws about it; and 
it seems even gratuitous or absurd when we 
lo not expect ever to find such laws. Expec- 
tations of this kind are, of course, nothing 
absolute but merely a rather general frame 
ff reference or a thought habit dependent 
upon the laws actually known at any given 
moment in the history of science. Much of 
what scientific empiricists object to in tradi- 
tional philosophy are really attempts to 
legislate in an a@ priort manner as to the 
necessity, whatever that might mean, of such 
frames of reference. 

Coneepts or empirical constructs are 
merely the tools of science. What these tools 
are supposed to produce, through systematic, 
theory-guided experimentation, are the em- 
pirical laws, that is, the functional relation- 
ships between the concepts or, as one also 
says, variables defined. To say the same 
thing differently: Empirical laws are found 
rt hypothesized by means of inductive gen- 
eralization from observation and experimen- 
ation, 

Seientifie laws have something to do with 
‘ausality and induction, so one might suspect 
that at this point, in his conception of the 
nature of scientific laws, the empiricist brings 


143 


in some of his epistemological views and thus 
surreptitiously violates our agreement not 
to descend beneath the basis of common 
sense which is shared by all, irrespective of 
philosophieal positions. However nonem- 
piricist philosophers might feel on this point, 
a strong case can be made that nothing of 
the kind is being done as far as science is 
concerned. For to the scientist it is obvious 
that extrapolation from the tested to the un- 
tested case, prediction of future unobserved, 
on the basis of past observed, regularities is, 
in a certain sense, but a guess, no matter 
how successful in practice, or, to use Hume’s 
illustration, that in a philosophical sense it 
is neither certain nor necessary that the sun 
will rise tomorrow. For the scientist, if not 
for the man on the street, this is again just 
common sense followed through to its logical 
conclusion. Technically this fundamental 
feature of our knowledge is referred to as 
the hypothetical or inductive character of all 
empirical laws. 

With respect to causality the situation 1s 
not much different, though somewhat more 
interesting in view of recent developments in 
physics. One ean often hear it said that 
modern quantum theory, in replacing the 
causal laws of classical physics by mere 
probability correlations, has brought about a 
major revolution in our philosophical ideas. 
A major revolution it was indeed, but only 
within science, not in philosophy, at least 
not as far as the empiricist is concerned. 
From his viewpoint causal law does not say 
one iota than law, and finding the 
causes of events means for him nothing more 
and nothing less than finding the laws or 
regularities governing their occurrence. For, 
the scientist at least this is again just com- 
mon sense. A law in turn is, logically con- 
sidered, a statement of the form, ‘If A then 
B,’ or rather, ‘Whenever A then B,’ the only 
requirement being that all the expressions 
which occur in ‘A’ and ‘B’ are operation-, 
ally defined. For if they were not, how 
eould we test the law or even know what it 
Sut it makes no difference whether 


more 


means ? 
the regularity which the law asserts obtains 
individual events or be 
tween statistical frequencies. What, for that 
matter, individual event? Frankly, 


between so-called 
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this question is much too difficult to be 
tackled here. 


Scientific theory and explanation. So far 
we have gained some insight into the two 
notions of scientific concept and scientific 
law. Our attention must now turn to the 
ideas of scientific theory and explanation. A 
scientific theory (high-order explanation) can 
be described as the logical integration and 
organization of a whole body of empirical 
laws. Scientific understanding is the result 
of scientific explanation. To be _ specific, 
when physicists found the three formulae or 
laws of free-falling bodies, of the inclined 
plane, and of the pendulum respectively, 
they also explained these phenomena (low- 
order explanation). But their understand- 
ing was improved when these three empirical 
laws were shown to be special cases of one 
set of more general laws, the laws of mechan- 
ics. Again, Newton reached a still higher 
level of explanation when he derived the 
phenomena of two so far entirely unrelated 
fields, astronomy and mechanics, from one 
and the same set of basic laws. But one must 
not forget that we call these laws more gen- 
eral or more basic only because they allow 
for such logico-mathematical derivations of 
other laws. The psychological effect, the 
inerease in understanding attained, is, of 
course, still more marked if such integrations 
allow for the prediction of laws so far not 
even known in isolation. Then we feel that 
we ‘‘really understand.”’ 

In a loose, but suggestive manner of speak- 
ing, one might say that empirical laws in- 
tegrate and predict individual facts while 
theories, in the broader sense of the term, 
integrate and predict empirical laws. The 
process of such integration is very appro- 
priately deseribed as a process of unification 
and so we gain, within the field of the physi- 
cal sciences, a first glimpse of what could be 
meant by the unification of science. This 
process and its results will be referred to as 
unification as to theory. 


Theoretical concepts. To understand the 
nature and function of those concepts which 
are not merely abstract but theoretical in the 
narrower sense, such as ‘atom’ and ‘electron’, 
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consider, for instance, the two fields of me- 
chanics and thermodynamics. Typical for 
the one is the Newtonian attraction formuls 
or the law of the lever; typical for the other, 
the formula of Boyle and Charles, which |] 
have already mentioned, or the formula whic! 
connects the boiling point of a liquid wit! 
In order to unify these two fields 
scientists have resorted to what has bee 
called the construction of models. The gas 
in particular is thought of as consisting of ¢ 
great number of particles which are subject 
to the laws of mechanics. What we obsery 
as gas pressure is said to ‘‘correspond’’ t 
the total mechanical impulse of those imagi 
nary particles; temperature in turn is spec 
fied as some function of their average veloc. 
ity, and so on through the whole list of the 
empirical constructs of thermodynamies. T 
each of them a mechanical property of thos 
imaginary little balls is coordinated. Thy 
idea of the whole game is that after the « 
ordination has once been made, one expects 
to derive the thermodynamic laws as specia 
cases from the laws of mechanics by applying 
the latter to the imaginary particles. If this 
should work, as it actually does or did withi 
very wide limits, a tremendous step toward: 
unification has been made. Everybody real 
izes, of course, how sketchy a descriptio 
of the so-called classic kinetie theory of Max 
well and Boltzmann this is, yet it will serv 
our purpose. So let me start on a series 
four brief remarks of a more general naturt 
First, it should be stated that by this s 
called mechanical model the operational def 
nition of the empirical construct ‘tempera 
ture’ is not in the least affected, and we als 
still experience heat as heat. So there nee’ 
be no fear that the ‘‘mechanieal’’ theory 0! 
heat has impoverished the world by denying 
it the warmth and glow, in this ease quite 
literally, of all nonmechanical qualities 
This is a useful point to remember whenever 
one comes across certain very fashionabl 
arguments that science, particularly in t! 
domain of consciousness and culture, impairs 
the appreciation of the totality of human 
experience. The situation in these fields 
admittedly much more complex, but there !s 
no difference in principle. By explaining 
if necessary even in physiological terms, thi 
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occurrence of a value experience, one has 
neither denied its occurrence, nor challenged 
the value in question, nor, finally, stripped 
the world down to the skeleton of a meaning- 
less machine. 

Second, one must realize that even when 
theoretical unification has been achieved, 
that does not mean that one always has to 
oo down to the rock-bottom level of the most 
comprehensive scientific explanation. To 
vive an illustration, the engineer who uses 
the laws of thermodynamics in designing a 
steam engine does not need to concern him- 
self with the derivation of these laws from 
the kinetie model or, to borrow an illustra- 
tion from the biological field, the neurosur- 
veon will not gain any additional skill by 
tracing down to the level of the electric reac- 
tions of the nerve fibers the causal mecha- 
nisms he utilizes. Again, no reasonable per- 
son will expect the clinician to analyze the 
personality traits of his patients down to 
that level of elementary conditioning which 
is most pertinent in learning experiments. 
But one must not forget either that theoreti- 
eal reduetions or unifications are not only 
intellectually very satisfying but sometimes 
do lead to the discovery of new empirical 
laws which prove extremely useful to engi- 
neers, surgeons, and clinicians. 

Third, it was to such imaginary models as 
the atom that the term ‘theoretical’ in its 
stricter meaning has been reserved, while 
‘empirical construct’ was used for con- 
cepts, no matter how abstract, which do not 
contain any reference to such imaginary 
things. To put it differently, we want to 
listinguish between imaginary things and 
non-things. The problem involved is best 
inderstood if one tries to answer the naive 
juestion whether there are really atoms, 
whether atoms are real, and if not, how an 
empiricist could justify these brain children 
if the scientist. One answer at least to this 
famous question goes about like this: What- 
ever the philosopher has to say about the 


‘meaning of the word ‘real,’ both scientific 


and plain common sense require that it must 
not be interpreted in so narrow a sense as to 
comprehend nothing but physical things like 
chairs, stones, and apples. ‘Real,’ in other 
words, is not synonymous with ‘material 


object.’ Philosophically speaking, there are 
not only things in the world but also their 
manifold patterns, structures, and relations. 
Speaking in terms of physical science this 
means that forces, electrical fields, and elas- 


ticity coefficients are as real as the physical 


objects which, as we saw, form the operationa 
basis for their definitions. ‘Real,’ briefly, is 
for the scientist everything that finds its place 
in the hierarchy of the empirical constructs. 
Models, as the gas model described, obviously 
do not occur in the hierarchy of operationally 
defined concepts; they are later on coordi- 
nated to empirical constructs and are, in a 
certain sense, merely computating devices or, 
if you please, unifying devices to establish 
logical connections between various classes 
of empirical laws. The way the question of 
the reality of the theoretical particles is 
often put and treated is, therefore, about as 
meaningful as to ask whether the Mississippi 
is male or female. It simply is not a good 
question and, to use the poignant phrase of 
one of the most influential living philoso- 
phers, ‘‘Where there is no question there is 
no answer.’’ 

Atomie theories are probably the most con- 
spicuous technique of explanatory unifica- 
tion. There are, however, other unifying 
devices. The unification of optical and elee- 
tromagnetic laws for instance or, as one 
usually says, the recognition of light as an 
electromagnetic phenomenon, the great dis- 
covery which we owe to the genius of H. 
Hertz, lies entirely within the realm of the 
empirical constructs. The reduction of this 
‘‘theory’’ requires an analysis of its own. 

Fourth, I want to emphasize that the so- 
called indeterministie character of modern 
physics lies entirely in the realm of the 
model. Galton already has called attention 
to very simple mechanical systems about 
which no other but statistical predictions can 
actually be made. The point is that in spite 
of this we used to refer everything, at least 
in principle, to a universal atomic model 
between whose elements laws of the New- 
tonian rather than of the statistical fre- 
quency type obtained. The resulting diffi- 
culties which finally led to the abandonment 
of the model have sharpened our insight into 
the purely fictitious or caleulational charac- 
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ter of models in general and, in addition, 
have helped us to clarify, rather than to revo- 
lutionize, our notion of scientific lawfulness. 
As to the claim which hides itself behind the 
phrase ‘‘in principle,’’ we have learned to 
recognize it as an empty verbalism wherever 
it pretends to go beyond the limits of the 
operational basis. 


The system of the sciences. We are now 
ready to examine what insight we have gained 
so far into the system of the sciences. Are 
there physical sciences, different theories, on 
the one hand, and concepts and empirical 
laws of different categories on the other, or 
is there, if one considers the matter from 
the vantage point of the philosophical meth- 
odologist, only one physical science, one uni- 
fied body of theory; is the logical nature of 
all kinds of empirical constructs and empiri- 
cal laws the same? If the problem has once 
been focused this way, it becomes apparent 
how ambiguous the issue of the unity of 
science is and how easily therefore its dis- 
cussion can lead to confusion, if one ap- 
proaches it without preparatory analysis of 
the kind here indicated. One really has 
three questions on hand, one as to concepis, 
one as to laws, one as to theories, and the 
answers to them are not necessarily either all 
positive or all negative. The last question, 
as to unity of theory, is not even of the same 
general character as the first two concerning 
concepts and laws. More specifically, unity 
as to theory is entirely a question of fact, 
that is, of actually achieved theoretical uni- 
fication, while the question about the status 
of laws and concepts allows for an answer 
of comparatively much greater or, if you 
please, philosophical generality. And now 
for the empiricist answer itself. According 
to it there is only one legitimate way of 
defining scientific concepts, the way of op- 
erational definition from the physicalistic 
verification basis; and there is only one 
way of analyzing any empirical law what- 
soever, the analysis into a universal if- 
then correlation (‘Whenever A then B’) 
between empirical constructs. As to theory, 
the extent to which, through coordination of 
models or through other logico-mathematical 
devices, these laws can actually be integrated 
into a unified body of deductive consequences 
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from a relatively small number of so-called 
basic laws, ‘cannot be determined on logical] 
or methodological grounds. For physies and 
chemistry, though, the scientific develop 
ments of the last two generations have fur 
nished an affirmative answer to this ques 
tion. Notwithstanding the many problem: 
which are the concern of the specialist, th 
theoretical or the explanatory unity oi 
physico-chemistry is today a fact. This 
being the case, one might wonder why I spent 
so much time on the discussion of an area 
which is already organized, instead of con 
centrating on the biological and_ behavior 
sciences which, since they are less accom. 
plished, may stand in greater need of philo 
sophical clarification. To this I should 
answer that only by studying the struc. 
ture of physical science can one provid 
himself with the instruments which wi 
guide him through the metaphysical fo, 
which, partly because of our relative ign 
rance, partly because of what sociologists cal 
the cultural lag, still sometimes beclouds 
clear methodological understanding of t! 
nonphysical sciences. 


The phenomena of purpose and conscious 
ness. The empiricist position on these mucl 
more debated issues is that, in order to be of 
scientific significance, all concepts, no matte! 
where they occur, must be operationally d 
fined in terms of the physicalistie verificat 
basis; that science, whenever it tries to e 
plain or understand, must look for empirica 
laws, and that therefore all scientific laws, 1 
matter in which field they occur, are of t! 
type of a universal if-then correlation, 
otherwise they could not allow for pred 
tion. In other words, as far as laws and con 
cepts are concerned, the methodological unit, 
of science is for the empiricist again 
common sense, though it is admittedly not 
common sense for mary a contemporary stl 
dent who adheres to one of the older p! 
sophical systems. Though the objec 
raised against the empiricist thesis are ve! 
variegated, the whole cluster of them is w 
represented by the belief that both the ¢ 
cept of purpose and the concept of consc 
ness defy any attempt at reduction to t 
physicalistie verification basis. The obj 
tion of purpose already arises in the biolog 
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cal sciences, that of consciousness is most fre- 
quently voiced in connection with human 
behavior 
Before taking up these objections, let us re- 
all that we are not here concerned with epis- 
temological analysis below the common sense 
level. All we have to do is to answer the 
question: under what conditions does the 
scientist deseribe the behavior of an organ- 
isd aS purposive or attribute conscious states 
}one of his human subjects? Sometimes it 
; factitiously alleged that modern science de- 
the phenomena of purpose and consci- 
isness, and that modern empiricism, abet- 
ting it, tries to furnish the philosophical 
justification of such outrageous nonsense. In 
matter of fact, modern science does not elimi- 
nate or deny purpose and consciousness any 
more than the kinetie theory eliminates or 
denies the phenomena of heat. As an epis- 
‘emology modern empiricism deals with 
purpose and consciousness in its Own man- 
ner, Which one eould very, very roughly 
characterize as a refinement of Hume’s ap- 
proach; by doing so it puts itself into a 
position to appreciate, as a philosophy of 
sconce or on the common-sense level, the 
meaning of the question that has been for- 
mulated a moment ago: What does the scien- 
tist mean by purpose and consciousness? 
This again, as we have learned from the dis- 
ission of physical science, is equivalent to 
the question: How does the scientist recog- 
nize their occurrence and how do these con- 
cepts enter into laws which lend themselves 
‘0 the only purpose of science, namely that 
f prediction ? 
To be sure, then, purposiveness or, to use a 
s anthropomorphie expression, adaptabil- 
ity is one of the most outstanding features of 
organisms. The exploration of whatever can 
be said about the purpose of Nature the sci- 
entist as well as the empiricist may safely 
leave to the old-style metaphysician, but they 
| certainly have to account for the occur- 
nce of purpose in nature; that is, for the 
eoal-direeted behavior of those physical ob- 
ects which we eall organisms. Everyone 


even slightly familiar with modern psychol- 


ozy knows that at the present stage of our 


knowledge the most direct way to the ex- 
Ploration of this field leads through the sys- 


@) 


‘ematie study of the learning process. There 


147 


cne finds, on the common-sense level, such 
statements as that organisms learn or act 
purposively toward the attainment of a goal, 
if, and only if, their motivation is directed 
towards that goal. But let us ask ourselves 
whether this formulation, the way it stands, 
is an empirical law, or, to put the same thing 
differently, whether it has any predictive 
value. All it says, it seems to me, is this: 
whenever the organism does show certain 
kinds of objectively describable behavior to- 
wards certain objectively describable states of 
affairs or objects, then we say that it has been 
appropriately motivated ; if not,not. But this 
is clearly no more than a descriptive account, 
in empathetic terms, of what has happened, 
after it has happened, not a prediction of 
what is going to happen. What the scientist 
tries to find, in order ultimately to control 
them, are, therefore, just those objective fac- 
tors in the organism’s past and present en- 
vironment which elicit that behavior which 
we then, in prescientifie language, call pur- 
posive or ascribe to the organism’s motiva- 
tion. Only on the basis of such knowledge 
can one predict; that is, after these factors 
have been found, laws ean be formulated and 
this without any use of such terms as ‘pur- 
pose’ or ‘motivation.’ In other words, this 
paragraph itself is an informal sketch of the 
actual reduction to the physicalistic verifica 
tion basis of the two crucial and allegedly 
irreducible concepts. In technical terminol- 
ogy ‘purpose,’ ‘motivation,’ and the like, turn 
out to be so-called dispositional concepts, the 
elimination of not 
expressive potentialities of our language. 


which does restrict th 
Turning now to the notion of conscious- 
all one has to find out 
what conditions scientists or clinicians speak 
And 
All 


ve aseribe consciousness 


ness, is again under 
about conscious states of their subjects. 
again the answer is sheer common sense. 
we have to go by if 
to a subject, or, to say the same thing differ- 
ently, if we use mental terms, such as ‘feel- 


ing,’ ‘knowing,’ ‘believing,’ in the descrip- 
tion of his behavior, is this behavior itself. 
Behavior, however, including speech beha- 
vior, can be described in terms of the pysi 
calistic verification basis. This aspect of the 
empiricist position is best known under the 
name But 


worth while about behaviorism would require 


behaviorism. to say anything 
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at least another article of the same length. 
So I shall content myself with the mere refer- 
ence to this well-known position which is 
accepted by all contemporary psychologists 
with the sole exception of the small German- 
influenced group of the Gestalters. 


Vitalism and mechanism. While the em- 
piricist thesis in the behavior field has been 
labeled as behaviorism, a similar tie-up 
with well-known positions in the biolog- 
ical field has been omitted. The labels which 
here come to mind are, of course, those of 
mechanism and vitalism. On first sight it 
might appear that the mechanistic thesis is 
an integral part of the empiricist position. 
Such belief would be mistaken. The situ- 
ation requires further analysis in the light 
of the threefold schema of concepts, laws, 
and theories. It is true that vitalists and 
related writers often take their stand on 
the alleged irreducibility of the concept of 
purpose and, in connection with this, as- 
sert the existence of so-called teleological 
laws. Nothing more needs to be said about 
the alleged irreducibility of purpose. As far 
as teleological laws are concerned, purely 
logical analysis reveals that this unclear 
notion cannot even be precisely formulated. 
Thus a question of fact never arises. With 
respect to unity of theory, however, the 
thesis of vitalism can—irrespective of its 
truth or likelihood—at least be formulated 
in a manner which makes sense both to the 
scientist and to the empiricist philosopher. 

This brings us to the issue of a theoretical 
unification of all three levels: physical, bio- 
logical, and behavioral. Clearly and in con- 
tradistinction to the situation within the 
physical sciences, such unification has as yet 
not been achieved. Even within each of the 
two higher levels, we do not yet possess com- 
prehensive bodies of empirical laws, or at 
least not bodies of laws the significance of 
which we could trust in the theoretical sense 
that they are certain to provide the cues 
for a potent and comprehensive theory after 
the manner in which Galileo’s findings pro- 
vided a basis for Newton’s_ theoretical 
achievements. As long as this is the case, 
actual explanatory unity as to theory be- 
tween all the three levels is a fortiori impos- 
sible. The point is rather that philosophical 


mechanism and philosophical vitalism bot 
defeat their own purposes by furnishing 


priori arguments for matters of fact, the on; 
for the impossibility, the other for the neces 
sity cf an ultimate unification as to theor, 


To mechanism one must grant this: as t 


laws and concepts, the unity of all science js 
If this is once clear}; 
understood, the props are indeed knocked ou; 


a fact, not a program. 


from under the better part of the vitalist 


speculation and from under the pronounce. 


ments of the Gestalters. To vitalism, on t! 


other hand, one must grant that much: it js 


perfectly conceivable that in its attempts t 


describe the physical processes in those tre. 


mendously complicated systems which 
eall organisms, scientists will discover n 


physical laws which are not theoretical) 
reducible to the already known basic laws 0! 
physics and would, therefore, have to } 
It is, however, not the eas 
that the mere occurrence of the phenomen: 
of purposive behavior and of consciousness 


added to them. 


justifies such an expectation. Quite to th 


contrary, the whole frame of reference 0! 


modern science, the vigorous growth 
such disciplines as biophysics, biochemistry 


physiological psychology, and the theory oi 


learning strongly indicate the improbabilit 


of what has here been exhibited as the for- 


mulable empirical core of the vitalistic cou 
tention. 


scientific and cultural frame of reference 


But the modern analytical philosopher i 


f 


neither the ideological defender nor the fa 


finding supporter of such frames of refer. 
His job is to sharpen their formule 
to elarify ther 

vitalism versus 
mechanism the result of the analysis is that 


ence. 
tion and, 
meaning. In the 


by doing so, 
ease of 


we are here not faced with a philosophica 
issue about seience and still less, as som 
factitiously contend, with a cultural issu 
but rather with a very vague negative prog 
nosis concerning the result of future resear 
within science. Since the general cultura 
context has thus come up again, it will, | 
hope, not be inappropriate to conclude 
expressing the conviction that the intellectua 
caution, care, and cleanliness upon which et 


piricism insists in such analyses, is itself 3 


major cultural value. 


In this sense mechanism may it: 
deed be said to be an essential part of ow 
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AIR-BORNE SPORES AND PLANT QUARANTINES 


By W. A. McCUBBIN 


In estimating the ultimate worth of plant 
quarantines as a means for the permanent 
exclusion of injurious plant diseases from 
the United States, it is necessary to take 
carefully into account the possibility of spore 
dissemination over long distances in air cur- 
rents. When it is considered that spore dis- 
semination by air is entirely uncontrollable 
and that air movements on a large seale are a 
universal and constant feature of nature, the 
question may be raised: Is natural air trans- 
port effective enough to lessen materially the 
value of these quarantine efforts, at least for 
some diseases? Or does long-distance air 
transport of spores involve such difficulties 
and limitations that it may be largely ignored 
n planning plant quarantines ? 

In attempting to review the essential ele- 
ments of this problem we are confronted at 
once with the difficulty of trying to maintain 
n correet perspective in a single mental pic- 
ture two such extremes of size as our huge 
planet and a microseopie spore; fortunately, 
this mental feat can be made somewhat easier 
by some preliminary discussion of each ex- 
treme. 

We unconsciously tend to regard the air 
overhead as a limitless expanse, extending 
almost indefinitely above us into space. This 
vague idea serves well enough in ordinary 
affairs, but when we attempt to grasp the 
conditions attending the air movement of 
spores, it is necessary to obtain a more accu- 
rate concept of our earth’s atmospheric en- 
velope. 

On a planetary scale the terrestrial air 
blanket consists of only a thin and scanty 
covering of gaseous materials held tight to 
the earth’s surface by gravitation. As air 
s highly compressible, its lower level is rela- 
tively dense, but the mass thins out rapidly 
ipward. At a comparatively short distance 
trom the surface the gaseous matter becomes 
so dispersed and tenuous that the air occupy- 
ng the uppermost portion above about 40 
miles is, from our point of view, of little im- 
About 25 miles from the surface 
an ozone region is said to exist, which screens 


portance, 


out virtually all the destructive short-wave 
components of sunlight; however, the longer 
light waves penetrate readily to the earth’s 
surface, where they are reflected, absorbed, 
or transformed into heat. 
direct contact with the earth will, therefore, 
be denser, warmer, and more disturbed by 


The air mass in 


thermal activity, resembling in this respect 
the air immediately above a hot stove. A 
multitude of convection currents, both ver- 
tical lower 
layer, and tend to distribute the surface-gen- 
The thermal system thus set up 


and horizontal, abound in this 
erated heat. 
functions somewhat on the pattern of what 
voes on in a kettle of boiling water. 

We may get a clearer comprehension of the 
actual spatial relations of this terrestrial air 
laver by imagining our earth reduced to the 
size of a 12-foot sphere. On a world of this 
size the atmospheric blanket would extend 
outward at most 3.5 inches from the surface ; 
the more lower 40 
enough to be of in our problem, 


compact, miles, dense 
interest 
would reach only ? ineh from the surface; 
the ultraviolet filtering region would begin 
less than 4 inch up; the lowest 7 miles, con- 
taining practically all storm and weather dis 
turbances, would have a ceiling of 4 ineh; 
and this thin shell most of the 


weather phenomena and most of the fungus- 


even in 


spore movement would be found in the low- 
est 3.5 miles, or in a thin skin 7 inch deep. 
On this same seale the long stretch of plains 
country extending from Mexico to the Cana- 
dian border would represent approximately 
20 inches; the 3,000-mile Atlantie hop, 54 


inches; and the 5,000-mile expanse of the 
Pacific, 90 inches. 
In the light of these conditions it 


obviously be incorrect to visualize air-borne 


would 


spores as shooting off into illimitable space 
like the rocket ships of fiction and eventually 
falling back to earth again far distant from 
their point of departure; rather we must pic 
ture them as trickling along in a horizontal 
course, almost hugging the surface, and con 
fined in a thin lower layer of the air, where 


they are subject to all the disturbances and 
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vagaries of this most turbulent portion of the 
atmospheric envelope. 

Turning now to the spores themselves, we 
find that, although they consist of vegetable 
matter comparable in density to apple or 
wheat tissue, their minute size brings them 
into the dimensional plane of dust particles, 
a plane in which certain physical relations 
become markedly altered. In a series of ob- 
jects of the same shape and substance but 
decreasing in size, the volume or mass de- 
creases much more rapidly than the area. If 
we recall further that the downward pull of 
gravity is proportional to mass, while the re- 
sistance of air to bodies passing through it 
depends on their area, it is apparent that as 
size diminishes, air resistance will have a 
rapid increase relative to gravitational pull. 
This increasing disproportion between air re- 
sistance and gravitational pull becomes very 
pronounced at the size level of dust and 
spores, so that spores tend to fall very, very 
slowly. 

The rate of fall in still air has been deter- 
mined experimentally for a number of spore 
types. An oval spore measuring 20x12 
microns could be expected to have a falling 
rate such that if it were released at a height 
of 1 mile, 3 days would be required for it to 
fall to earth. 

This surprisingly slow rate of fall is, of 
course, a basic point of departure for esti- 
mating the possibilities of long-distance 
transport; theoretically a 20-mile breeze 
could carry the spore example just cited 
1,440 miles across country while it was fall- 
ing to earth from its mile-high point of re- 
lease. 

Such calculations of rate of fall, however, 
do not themselves bring us to any final con- 
clusions in the problem of long-distance 
spread. They merely serve to establish its 
possibility, and particularly to convince us 
that, because of this feeble tendency to fall, 
fungus spores in general are capable of being 
transported in favorable air currents to 
almost any distance over the earth. 

Having thus touched on the salient charac- 
ters of the air as a carrying medium and the 
fungus spore as a particle to be transported, 
we may proceed to consider the vast number 
of plant pathogens awaiting transportation 
at some foreign point of origin, the condi- 
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tions affecting spores throughout the cours, 
of a long air journey, and the possibility of 
successful establishment on their arriva] a; 
a distant destination. 

Starting with the situation at the point of 
origin, we are able to conclude at the outse: 
that spores of certain diseases would be air. 
borne with difficulty or not at all. Examples 
include potato wart, common scab, rhizoc 
tonia, powdery scab, and blackleg of potat 
and diseases of other plants such as crowy 
gall, club root, and many wilts. All thes 
are so bound up with the soil that the chane 
of spores getting aboard air currents in aj 
preciable numbers is negligible. 

Again, many pathogens remain so im 
mersed in host tissues that long-distance 
spread is almost precluded ; such troubles as 
the Dutch elm disease, pear blight, various 
virus diseases, and nematodes belong here 
The nontravelling class also ineludes a larg 
group of fungi with dispersal arrangements 
primarily adapted to water dissemination 
The very numerous species of Gloeosporium 
and Cylindrosporium are good examples 
Mention must also be made of fungi that 
normally sporulate in such sheltered loca- 
tions that it would be difficult for their spores 
to get into air currents. Spores sensitive t 
drying out and those with extremely short 
natural periods of longevity may also be left 
out of consideration for long jumps. 

What proportion of disease organisms wil 
fall into this stay-at-home group? Although 
no exact answer is possible, we may get som 
light on the general situation by the sample- 
analysis method. Selecting as a sample the 
list of 200 representative diseases already 
assembled for another quarantine-analysis 
study, it is found that, for one reason or 
another, from 75 to 90 percent of them ap- 
pear to be incapable of more than limited or 
local distribution through the air. Condi- 
tions in this sample indicate, therefore, that 
long-distance transport as a quarantine prob- 
lem narrows down to a comparatively small 
percentage of pathogens peculiarly adapted 
to this type of dissemination. 

The ascension of spores into the air at the 
point of origin presents no difficulty. The 
slightest convection movements, such as art 
constantly present everywhere, involve ve- 


locities far in excess of the feeble falling 
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tendency. A barely perceptible breath of 
air moving at 1 mile per hour dwarfs into 
insignificance the falling speed of the spore 
previously cited, which is 72 feet per hour. 
Thermal convection masses, therefore, can 
readily carry spores upward to whatever 
height these masses rise, and thus bring them 
into favorable position for extended horizon- 
tal travel. 

Horizontal travel, however, is attended by 
many uncertainties. Downward convection 
currents may carry the spore rapidly to 
earth again; winds die out or change direc- 
tion; desiccation may fatally affect some 
spores; low temperatures fatal to a few 
spores occur at altitudes comparatively near 
the surface; and sunlight, known to be dam- 
aging in some cases, has a more intense effect 
in the upper regions, although spores are 
unlikely to be carried up to altitudes of 25 
miles or more, where they would be subject 
to extremely deadly ultraviolet radiations. 

Spores adrift in the upper air currents are 
subject to two other major obstacles to ex- 
tended transport. By virtue of an acquired 
electric charge each spore serves readily as a 
nucleus for moisture condensation, so that 
when vapor-laden air carries a spore to 
cloud-formation levels and is chilled, either 
by mere expansion or by contact with colder 
upper air masses, the spore is likely to find 
itself locked within a water droplet. And if 
condensation progresses to the stage of rain, 
the included spore is inevitably carried back 
to earth in the falling drop. Observations 
indicate that just as rain clears the air of 
floating dust, it is equally effective in wash- 
ing down drifting fungus spores. 

High mountain chains are a second formid- 
able obstacle to spore travel. When air 
masses carrying spores are deflected upward 
by mountains, the cold of altitudes at or near 
the summit is favorable to moisture conden- 
sation, which is likely to bring the spores to 
earth in rain, mist, or snow. 

When a fungus spore finally comes to 
earth 1,000 miles or more from its starting 
point, after an erratic period of helpless 
drifting, it is confronted with still other diffi- 
culties. Unless it can happen upon a suit- 
able host it is lost. For the visiting spore 
not only are sandy wastes, plowed fields, 
snow blankets, and water expanses utterly 


barren, but even a vast and luxuriant non- 
host flora constitutes an equally hopeless 
prospect; in fact, any new environment may 
be largely an inhospitable desert, where a 
spore’s chances for reaching small or seat- 
tered host plants are extremely minute. The 
chance that an individual spore would both 
survive extended transport and establish sue- 
cessful infection is so infinitesimal that dis- 
tant migration would have to involve almost 
incredible numbers of in order to 
bring sueecess for even a few of them within 
One 
may therefore surmise that only those fungi 
eapable of charging the air with a tremen- 
dous spore load will have any appreciable 
chanee for successful long-distance spread. 

Other difficulties beset the newly arrived 
spore. It may reach its destination at the 
wrong season, the host may be in a resistant 
or dormant stage, conditions for infection 
may be adverse, either winter or summer celi- 
mate may be too severe, or a necessary alter- 
nate host may be lacking. If the fungus 
species represented by these spore immi- 
grants can live saprophytically for a time, 
or establish a more or less permanent rela- 
tion with its host, or propagate itself im- 
mediately by several rapidly produced gen- 
erations, its chances for developing a slight 
foothold into permanent invasion are vastly 
increased. But spore mortality is so high 
and the requirements for bridging intersea- 
son gaps are usually so exacting that, unless 
the spore possesses some special advantage, 
light initial infections are likely to die out 
completely. 

Looking at these peculiarities of behavior 
from the plant quarantine point of view, it is 
encouraging to note that, so far as long-dis- 


spores 


any reasonable degree of probability. 


tance spread is concerned, most plant dis- 
eases belong to the stay-at-home group. It is 
equally encouraging to note that the proba- 
bility of intercontinental dissemination be- 
come appreciable only for fungi with a large 
scale initial spore production ; comparatively 
few fungus species can qualify in this respect. 
The feeble rate of’ fall, associated with the 
small size of spores, assures us that spores can 
be carried upward with the greatest ease in 
even slight convection currents and that the 
possibility of horizontal travel in wind is al- 
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most unlimited. It is some comfort, however, 
to observe that the course of air-borne spores 
is relatively close to the earth’s surface where 
the spore load is subject to constant and severe 
depletion in the turmoil of this thermally ac- 
tive contact layer. Finally, even for spe- 
cies that possess favorable qualifications for 
travel, the overseas trip is very much of a 
gamble, because it involves a series of uncer- 
tainties, practically all of which must come 
out favorably to bring success. Distant air 
travel by fungus spores is therefore made 
against heavy odds. 

For easier comprehension, we may trans- 
late this general situation into a scale of 
more familiar terms. Imagine an extensive 
flat garden roofed over with glass at a height 
of 6 feet. An experimenter stands at one 
side with an electric fan and a cupful of 
brown rot spores which he is attempting to 
blow toward ripe peaches on a tree about 300 
yards away, in the hope of infecting them. 
Stretched across the garden midway to the 
peach tree is a 5-foot privet hedge and an 


overhead sprinkler system at work. 
chance of any of his spores infecting 
peaches under these conditions represents 
a rough way the chance of a spore’s mak 
a successful jump of 1,000 miles in air , 
rents over the earth’s surface. 

It is apparent, therefore, that against ; 
relatively small number of foreign funy 
species endowed with all the requisites ; 
successful dispersion by air, our chief pr 
tection lies in this very matter of probal 
ties. It is possible that any of these spe 
eould be lucky throughout the whole seri, 
of events en route, though ordinarily ¢| 
chance of success is probably very small. |p 
any case, the slight possibility of disease jy 
troduction by air is judged to be far too sma 
to affect materially the worth of the plant 
quarantine effort, the primary concern 
which is to prevent disease and insect int) 
duction from other world regions overseas 
establishing a watchful supervision over { 
controllable channels of human travel and 
commerce. 





FEDERAL PLANT QUARANTINES 


Before 


The United States is the only great power without 
protection from the importation of insect-infested 
or diseased plant stock... . / 4 properly enforced 
quarantine inspection law in the past would have 
excluded many, if not most, of the foreign insect 
enemies which are now levying an enormous annual 
tax on the products of the farms and orchards and 
forests of this country....In addition to the 
danger of importing these insect pests is the risk of 
bringing in new and dangerous plant diseases. . 
The necessity for a national quarantine against for- 
eign insect pests and plant diseases has long been 
recognized, and during the last 14 years, especially, 
a strong continued effort has been made to secure 
such legislation. . . . The first concerted effort to 
obtain a national quarantine and inspection law was 
due to the introduction in the East on nursery stock 
of the San José scale in the early 90’s. The failure 
to reach an agreement as to suitable legislation 
among the nurserymen, fruit-growers, and entomolo- 
gists prevented anything coming from this effort, 
although several bills were introduced in Congress 
from time to time. . . . The present effort to secure 
legislation resulted from the discovery two years ago 
of the introduction of enormous quantities of brown- 
tail moth nests, full of hibernating larvae, on seed- 
ling fruit stock, chiefly from northern France. 


By C. L. Maruart, ‘‘the father of the Plant Quarantine Act of 1912.’’ Quoted by permission of the Nationa 
Geographic Society. Left, from the National Geographic Magazine, Apr., 1911; right, ibid., Aug., 1921. 


After 
‘ 


The need for national quarantine legislation for t! 
protection of the farm, garden, and forest interests 
this country from further invasions by foreign 
was long appreciated, but the securing of this legis 
tion necessitated an extended period of earnest effort 
Toward the end of this period this legislation 
hastened by the increasing numbers of gipsy 
brown-tail moths found during the years 1909 
imported plants, and also by many other insects 
plant diseases and by the need, which began 1 
generally appreciated, of excluding such other im 
tant pests as the Mediterranean fruit fly, the potat 
wart, and the white pine blister rust. The moven 
was aided also by the experience with the chestn 
blight and the San José seale. The entry of the cit 
canker, the Japanese beetle, and the European 
borer all occurred during the last years of the eff 
to secure this legislation and before it was actuall} 
enacted, although the fact of the entry and establish 
ment of these pests was not detemined until severa 


years later. The Plant Quarantine Act of 1912 was 


the final outcome of this 14-year effort to se 
authority to protect the United States, so far 
possible, from further entry of plant pests. In « 
nection with broad quarantine and regulatory powe! 
this act makes specific provision for the regulat 
of the entry of nursery stock and other plants. 
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SCIENCE ON 


ETNA CAVE, NEVADA 

Work in various phases of the problem of 
the pre-Columbian occupation of the south- 
western United States has practically come 
to a standstill as a result of the war. Infor- 
mation pertaining to investigations carried 
on prior to the outbreak of hostilities is 
eradually becoming available, however, and 
serves to stimulate continued interest in the 
subject. One of the lesser known, although 
significant, archeological projects in this cate- 
cory was that at Etna Cave, located about 6 
miles south of Caliente in Lincoln County, 
southeastern Nevada. Excavations in its de- 
posits demonstrated that it had been inhab- 
ited at different times by various groups ex- 
tending from the late developmental period 
of the Pueblo peoples—the stage just pre- 
ceding the era when the large communal 
houses and cliff dwellings whose ruins dot the 
Pueblo Plateau were built—back to the days 
when the native horse, camel, and giant sloth 
roamed the countryside. 

The cave is situated in a narrow canyon, 
lies within a wall of voleanic tuff at the top 
of a short, steep talus, and faces southeast. 
Its entrance is protected by an overhang- 
ing eliff which also extends some distance 
towards the southwest and forms a shelter 
area along the top of the talus. Mr. J. B. 
Tennille, a prominent resident of Lincoln 
County, originally called the attention of 
Mr. S. M. and Mrs. Georgia Wheeler, then 
located at the Panacea, Nev., CCC camp, to 
the formation and its archeological manifes- 
tations. The Wheelers made a preliminary 
inspection, did some testing, and reported 
their findings to officials of the Southwest 
Museum, Highland Park, Los Angeles. This 
led to arrangements between the Southwest 
Museum and the National Park Service for 
a program of excavations at the site. Boys 
from the Panaca CCC camp were used for 
the work. The digging was carried on under 





_ the general supervision of Mr. M. R. Har- 


rington, curator of the Southwest Museum, 


/with Mr. Willis Evans in direct charge. 
_ Most of the formerly occupied area was un- 
covered by that group, although a small sec- 
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tion left to serve as a control was completed 
two years later by a party from the South- 
west Museum. 

The cave showed a sequence of temporary 
occupations, but the shelter only gave evi- 
dence of use by the Pueblo peoples. The 
excavations indicated that in the beginning 
the cave had been visited at frequent inter- 
vals by a nomadic hunting people who made 
it a camping place rather than a permanent 
habitation. It is not known who these people 
were. Their and however, 
suggest that they may have been contem- 
poraries with other early hunting groups- 
such as the so-called Folsom men and the 
occupants of Ventana Cave in southern Ari- 
zona—whose material culture is found in 
association with the remains of extinet spe- 


weapons tools, 


cies of animals under conditions indicating 
a terminal Pleistocene or beginning Recent 
geologic age. For some reason these visits 
ceased. There was an interval during which 
the accumulation of refuse was covered by a 
natural layer of dirt and debris that was 
gradually tramped down by the feet of ani- 


> 


mals until it formed a hard-packed ‘‘floor’’ 
throughout the cave. There is no seale by 
which to determine how long a period this 
unbroken stratum represented, but it prob- 
ably was of considerable duration. 

Other wanderers drifting into the area 
then came upon the cave and a new cycle 
of inhabitation followed. Artifacts found in 
the layer formed from their debris indicate 
that they were related to the people who once 
lived in Gypsum Cave, located in a spur of 
the Frenchman Mountains east of Las Vegas, 
Nev., about 100 miles to the south. Previous 
work at the latter location by Mr. Harrington 
had revealed that the oldest inhabitants there 
had hunted the ground sloth (Nothrotherium 
shastense Sinclair), camel (Camelops sp., 
and Tanupalama sp. of which two species 
are probably represented), and _ possibly 
were acquainted with the horse (Equus sp., 
a small form, and Lquus sp., a large horse, 
ef. occidentalis). Contemporaneity between 
the artifacts, the ground sloth, and the camel 
was demonstrated, but there has been some 








154 


doubt concerning the horse. Other caves, 
such as Smith Creek Cave and Upper Baker 
Creek Cave in White Pine County, Nev., 
some 100 miles north of Etna Cave, also in- 
dicated that these early hunters might have 
known the native horse yet did not establish 
that fact. In Etna Cave there was evidence 
for such contemporaneity. No horse bones 
were found, but in the level containing the 
artifacts similar to those from Gypsum Cave 
were scattered feces that have been identified 
as horse dung. Analysis has shown that they 
were a winter product from a small animal 
or animals that had been feeding on yucca, 
brushwood, and other unsucculent food. It 
appears that the horse sought shelter there 
during an interval when its intermittent hu- 
man tenants were elsewhere, although they 
subsequently returned before their ultimate 
disappearance from the district. Hence it is 
logical to suppose that they must have seen 
occasional horses even though they had no 
direct contact with them. Were it not for 
the overlying strata and their archeological 
content the traces of horse could be attrib- 
uted to post-Columbian times. Evidence 
from the subsequent deposits, however, is 
against such an explanation. It must have 
been a native and not a European horse. 
The top of this layer was covered by a 
‘‘floor’’ similar to that capping the bottom 
level. 

Above the second ‘‘floor’’ was a layer 
of dust, debris, quantities of dried grass, 
shredded juniper bark, yucca leaves and 
fibers, corneobs, and other vegetal material. 
It contained numerous artifacts and dis- 
earded articles that identify the horizon as 
that of the Basket Makers, the group of 
people preceding the Pueblos in the South- 
west. Two phases were represented in the 
layer. In the lower portion the objects were 
indicative of the true Basket Makers, while 
the upper contained materials indicating 
progression to the late or Modified Basket 
Maker stage when pottery making and in- 
creased agricultural activity had become a 
part of the culture. The characteristics of 
both phases of the Basket Makers are well 
known from work in their remains in the 
Four Corners area of Utah, Arizona, Colo- 
rado, and New Mexico and their relative ages 
have been established. They antedate the 
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Spanish pentration of the Southwest by 7 
to 1,000 years. This material was also s 


in by another of the hard-packed “floors” 


An appreciable lapse of time seems jn; 
cated by this upper ‘‘floor,’’ both in its 
mation and a subsequent period of dis, 


because the cultural material occurring in 


the layer above is characteristically late 
velopmental Pueblo, Pueblo II as it is go 
times called, in form. There was no , 
developmental Pueblo horizon in the depp, 
its, hence the break must represent a miy 
mum of several generations or, what is } 
likely, one to two centuries. The absen 
early developmental Pueblo manifestati 
is a condition commonly found in Ney 


and probably is attributable to the fact ' 


it was peripheral to the main centers 
Pueblo growth and was slow to fee! { 
influence. It was not until the cultural pa: 


tern had become firmly established in nuclear 


portions of the Pueblo area that it began + 
diffuse westward and by the time it reac! 


eastern Nevada was in the late stage of it 


developmental phase. Even when allowai 
is made for a similar lag in the case of 1 


Basket Makers, there is a definite hiatus 


The Pueblos probably occupied the 


proper only during inclement weather. Mos 


of their time appears to have been spent out 


side on the talus where, under the shelter 


of the overhanging cliff, they erected roug 


retaining walls of stone, levelling the areas 


between with a fill of stones and rubble, t 
form a series of terraces where they plac 


their storage pits, built a fireplace, and car. 
Potsherds found 


ried on domestic activities. 
there and in the upper level of the cave ar 


characteristic of the ceramic types in vogu: 
during the late developmental Pueblo period 
and demonstrate contemporaneity in the us 
No earlier mate. 
The top sev- 
eral inches and recent surface of the deposits 
in the cave had been disturbed, but they 
gave no indication of aboriginal occupatio! 


of the shelter and the cave. 
rial was found in the shelter. 


subsequent to that of the Pueblo IT group. 


On the basis of the dendrochronologica! 
time chart, the tree-ring calendar, develope! 


for the Pueblo area and allowing for perip! 
eral lag, it seems probable that the Pueb! 


horizon in the cave belongs in the 11th cen: 
tury. The Basket Maker occupation would 
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date from about 500 to 800 a.p., and the 
earlier horizons would antedate the Christian 
Era. From geologic studies made in the area 
at the time of the Gypsum Cave investiga- 
tions the oldest human material there ob- 


' tained was judged to be about 8,000 years 


old. The second period of occupation in 
Etna Cave would be approximately the same 
ave, while the first tenants may have pre- 
eeded them by several centuries. When the 
native horse, camel, and ground sloth be- 
eame extinct is not known, but they seem to 
have persisted longer in this district than 
elsewhere. In any case it is quite likely that 
the two bottom levels in Etna Cave are Early 
Recent in age. 

The materials obtained from 
were divided between the Southwest 
and the Boulder Dam State Park 
at Overton, Nev., and may be seen at those 
institutions. Items about the work were 
printed in the Masterkey, bi-monthly publi- 
cation of the Southwest Museum, and a de- 
tailed report prepared by Mr. 8S. M. Wheeler 
was issued in a limited mimeographed edition 
by the Nevada State Park Commission at 
Carson City in 1942.—Frank H. H. Ros- 
ERTS, JR. 


the eave 
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THE CASE OF TELEVISION 


Waite military expediency must still en- 
shroud in secrecy much of the startling prog- 
ress that the science of electronics has made 
in the last few years, we may anticipate that 
the effect of this progress will be rapid in 
postwar years. Probably the general public 
will be most conscious of developments in the 
field of television. 

This progress in electronics will make pos- 
sible such vast improvements upon prewar 
television that perplexing problems will in- 
evitably be raised of both an economic and 
legal character. Prewar television was al- 
ready on the market before the war and was 
sufficiently good to give satisfactory enter- 
tainment. The reproduction on the screen 
of the receiver was made up of twenty-five 
thousand picture elements, corresponding 
closely to a ten-inch half-tone engraving, 
made up of fifty-five dots in the linear inch. 
Postwar television will make possible five 
hundred and eighty-five thousand picture 
elements, corresponding to a half-tone en- 
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craving with eighty-five dots to the inch, and 
therefore render a vastly superior repro- 
duction. 

To realize these new possibilities in repro- 
ducing a picture of much finer texture, and 
in natural colors, there will be needed a six- 
teen megacycle band-spread in the radio 
spectrum of frequencies, as compared with 
the six megacycle band used in prewar tele- 
vision. The Federal Communications Com- 
mission is already studying the problem of 
the advisability of allowing a sixteen mega- 
eycle band to television broadeasters, for 
every megacycle band is jealously guarded 
throughout the radio frequency spectrum. 

Unfortunately the problem is not merely a 
technical one but one of economies as well. 
For it is not possible to bring about these 
improvements in television by any adapta- 
tion of old standards. The proposed postwar 
improvements will render obsolete some two 
hundred million dollars’ worth of investment 
in prewar television equipment. Manufac- 
turers who were already in production of 
television sets, when the war interrupted, 
stand to lose, as do also those who have in- 
vested in television receivers made. under 
prewar standards. If the public are to be 
protected against premature obsolescence of 
their television receivers, then the proposed 
improved television may be indefinitely post- 
poned, for it appears at present that the 
broadeasting of television on the new stand- 
ards is wholly incompatible with maintain- 
ing prewar television. 

Not only will the consuming public who 
have already bought television receivers be 
involved, but it is estimated that the manu- 
facturers and broadcasters have twenty mil- 
lion dollars already invested in television 
equipment that will become obsolete when 
the improved standard is adopted. On the 
other hand, to adopt the new standards of 
television immediately after the war will 
necessitate a considerable lag in merchandiz- 
ing before new equipment ean become avail- 
able. This unpleasant interval may be short- 
ened if through the cooperation of govern- 
ment and industry the new and better pic- 
ture can be demonstrated within a year after 
the close of the war. In the meantime pres- 
ent broadcasters could continue to supply 
programs to those who already have prewar 
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television receivers. When the new system 
is inaugurated, old transmitters would be 
shut down and the prewar receivers would 
become immediately obsolete and unwork- 
able. 

Under the new system, however, television 
would undoubtedly enter a era of expansion 
never possible on the old system. One may 
well remember that the good can often be the 
eneiny of the best, and it would appear that 
the financial loss and inconvenience that 
would be entailed in the change-over would 
be a relatively small price to pay for so great 
an improvement in the art. In the long run 
the American publie will seek the best that 
science can offer. Television would not ap- 
pear to present any exception. Probably 
those who have already invested in television 
equipment realized that this new art was in 
the pioneer stage and such adventurers will 
be the first to be eager to replace, even at 
considerable loss, obsolete equipment with 
new equipment of such outstanding improve- 
ment as appears possible under the proposed 
standards. . 

The question is naturally asked whether 
improvements cannot be made in the existing 
television band without sending to the junk 
pile millions of dollars worth of equipment. 
Our engineers differ as to the degree of im- 
provement that can be effected without com- 
plete abandonment of the old standard. 
There seems little question that bigger and 
better and more realistic reproductions will 


be possible only on the proposed new fo. 
quency band. It is not at all unlikely ¢) 
the proposed sixteen-megacycle band-sprea\ 
could be curtailed to fourteen megacy 
without unduly cramping the 9.5 megacy¢| 
within this band necessary to produce {| 
picture itself. The use of side band trans 
mission methods, already developed by 
eral Electric and the American Telepho, 
and Telegraph Company, may make this pos 
sible under the proposed sixteen-megacy¢l; 
requirement. Color pictures with nine hw 
dred thousand elements would then be pra 
tical, and the advantage in realism of intr 
ducing color is obvious. 

The coming of television to the motio) 
picture theater is not far off. Under prewar 
standards a television picture blown up t 
fill a twenty-foot theater screen would pro! 
ably be too coarse to view at a distance 
less than eighty feet. On the other hand, th 
proposed postwar pictures could probably | 
viewed at a distance as close as forty or fift 
feet, representing a difference of ten rows 
seats. Similar advantages would ensue i 
the projection of television pictures on thi 
three- or four-foot, conventional home scree 

It is inevitable that there will be shar; 
contention between conflicting interests. It 
is to be hoped that shortsightedness and 
political influence may not unduly retard 
progress, for in the long run we must inevit- 
ably give way to the march of science in tel: 
vision.—Har.Lan T. STETSON. 
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BOOK REVIEWS 


STRUCTURAL GEOLOGY 


Marland P. Billings. [Illus- 


Structural Geology. 
$4.50. 1943. Prentice-Hall. 


trated. xi+473 pp. 

RELATIVELY few of the divisions of the 
veological sciences have evolved to the point 
where quantitative techniques can be utilized 
commonly. Progress in applied and labora- 
tory geophysics, in seismology, and in the 
application of mechanics in geology is build- 
ing an increasingly secure foundation for 
the field observations and interpretations of 
the structural geologist. Considerable time, 
however, is likely to elapse before structural 
eeologists generally will become ‘‘precision 
scientists.’’ Most of them must be content 
to become acquainted with the concepts and 
language, and perhaps the spirit of precision 
technology, and then take off on what liter- 
ally amounts to flights of controlled imagi- 
nation. 

The book under review unconsciously em- 
bodies this concept by beginning with a 
chapter on ‘Mechanical Principles’’ and in- 
eluding others on ‘‘Structural Petrology”’ 
and ‘‘Geophysical Methods’’. Such mate- 
rials constitute some of the sharper tools for 
the analysis of surface structure, which in 
turn leads to the interpretation of the in- 
visible architecture beneath. 

Structural Geology is a straight-forward 
textbook for advanced students; it is not 
written nor embellished to tempt a larger 
patronage. It does not soften the student’s 
approach to the various topics. For ex- 
ample, the discussions of folds and faults 
begin with chapters on nomenclature and 
classification and then proceed to the field 
criteria and examples from the field. To 
teachers who like to introduce subjects by 
observation, i.e., illustrative examples, the 


' book under review will prove disconcerting. 


However, most teachers will welcome the 


| fifty-five pages of well-organized laboratory 
) exercises, 


Professor Billings, Mrs. Billings, and 


many graduate students under their direc- 


tion and inspiration have contributed sub- 
stantially to our knowledge of the struc- 


_ turally and petrographically complex tecton- 


ics of New Hampshire. In their field work a 


or 


variety of tools have been utilized and vari 
ous unusual structural types have been ree- 
England 

Rather 


ognized. To some extent this New 
influence is manifest in the text. 
than constituting a personal bias, this influ- 
ence serves to give the volume unique and 
valuable quality. The attention paid to 
igneous structures and _ petrofabries 
adds an emphasis which has, in the reviewer’s 


rock 


opinion, been passed over too lightly in most 
general structural geology. 

Structural Geology is not a layman’s 
reader; it may well serve as a reference for 
terminology and principles. It will illustrate 
to the interested scientist the trends of 
thought of modern structural geologists and 
the extent to which application of principles 
and methods of allied sciences is operative in 


one of the earth sciences.—MaAJor ALLYN C. 
SWINNERTON. 


THE FLOOR OF THE OCEAN 

The Floor of the Ocean, New Light on Old Mys- 
teries. Reginald Aldworth Daly. The Page-Barbour 
Lectures at the University of Virginia, 1941. Illus- 
trated. x+177 pp. $2.50. 1942. University of 
North Carolina Press. 

Tue ‘‘floor’’ of the ocean by its very in- 
accessibility has always been obseured by a 
certain degree of mystery even to students 
of earth history. From that distinguished 
geologist, Professor Daly, comes a character- 
istically forthright synthesis of much data 
on this subject not ceneraly available here- 
tofore. Professor Daly’s latest book is the 
result of his three lectures delivered at the 
University of Virginia in 1941. Separated 
into three chapters, the first describes modern 
knowledge and theories of what is beneath 
the floor of the ocean—‘the foundations of 
the deep’’ and the supposed nature of the 
earth. The second chapter describes what is 
known and conjectured about the broader 
phases of ocean relief, submarine mountains, 
coral atolls, and voleanic islands. The third 
chapter deals with the submerged continen- 
tal shelves and continental slopes and the 
enigma of the deep submarine canyons and 
valleys indenting these shelves. 

The author’s picture of the foundations of 


“NI 
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the deep is inferred from geological and geo- 
physical evidence. Long earthquake waves 
that have passed under many of the oceans 
indicate a dense rock layer, and this he sup- 
poses extends down to a depth of about 50 
miles, with possibly ‘‘broad veneering 
patches’’ of softer rocks. It is concluded 
that the evidence from studies of gravity, 
seismology, and geology all point to the ex- 
istence of a thick layer of exceedingly weak 
rock that begins at a depth of about 50 miles. 
This substratum is hot and vitreous accord- 
ing to Daly, and its weakness is due to its 
yet uncrystallized form. It is assumed that 
a soft vitreous layer would react to earth- 
quake waves like a solid, but slower stresses 
would affect it like a viscous liquid. 

The results of earthquake studies have sup- 
plied a large share of what little is known 
about the interior of the earth. It should be 
stated, however, that seismologists do not 
generally accept Daly’s picture of the earth’s 
interior. About the only undisputed dis- 
coveries attributed to seismology are the 
erustal layer, thin or absent over some 
oceans, and a central core which responds to 
seismic waves like a liquid. Until many more 
observations are available from seismographs, 
especially those located on oceanic islands, a 
theory that will satisfy all geologic and geo- 
physical ideas on ‘‘the foundations of the 
deep’’ is not likely to be formulated. 

The ordinary reader who wonders about 
the origin of submarine mountains, oceanic 
islands, and voleanie activity must be hope- 
lessly confused from the evidence now avail- 
able. He may gain some satisfaction from 
the author’s own change in view from some 
of his earlier ideas of volcanic island origin 
to those announced in the lectures under re- 
view. The latter seem to fit better the evi- 
dence at hand. 

Voleanic islands are attributed to extra 
masses of rock built up on the ‘‘floor’’ of the 
ocean from the deep glassy substratum. This 
molten material is assumed to be world en- 
circling, and issues through vents in the erys- 
tallized crust. Although it is reasoned that 
the strength of the crust is competent to 
support stably the volcanic island loads, the 
possibility of horizontal displacements of 
blocks of the crust of continental dimensions 
is considered. The regions of the East Indies 


and West Indies are classed as ‘‘m 
chains of Alpine complexity of struc; 
A convincing demonstration is giy 
coral atolls and fringing reefs are ; 
growing reefs based on intermittently subs 
ing voleanic islands; but, ‘‘accordine 
ter reasoning, the living reefs have er 
up from banks and shoals during a 
late-Glacial and post-Glacial rise of sea 
all over the world.’’ 

One of the greatest discoveries of the p 
ent century in the field covered by the | 
is the fact that the continental shelves » 
the continental slopes are so different 
physiographic relief. The third chapter 
prising almost one-third of the book 
the ‘‘continental terraces and submarine 
leys.’? Through the wide use of echo s 
ing (and more reliable offshore cont: 
position in coastal surveys) submarine \ 
leys of distinetly fluvial characteristics hay 
been found in the continental slopes. § 
striking is the evidence that these cam 
have been excavated by streams to depths 
more than 10,000 feet below the present s 
level, that any other explanation seems in 
possible. At the same time, any chang 
level between land and sea of the order 
10,000 feet in Pleistocene time does not f: 
existing geologic theories. Daly’s orig 
suggestion of density currents to account for 
these deep valleys in the continental shelves 
further developed in these lectures, is t 
only hypothesis which does not seriously dis 
turb older geologic theories. Briefly th 
is that the storm waves and currents of leis 
tocene times acting on the shallow continue: 
tal shelves so agitated the sediments ot 1 
shelves that strong submarine currents 
dense mud-laden water rushed down 
steep continental slopes and eroded the exis‘: 
ing canyons. The author cites especially 
experimental evidence obtained by the Net 
erlands Geologist, P. H. Kuenen, to sup} 
this hypothesis. He apparently consider 
connections with existing land drainage « 
accidental, which to this reviewer is wnat: 
ceptable in view of the striking evide 
available in such instances as the Cong 
Hudson, Mississippi, Columbia, Cagaya! 
Ganges, Indus, Mindanao, and other major 
drainage systems of the world. The aut! 
mentions the fact that the only thoroughly 
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» counded areas of the world continental slopes 
7 are those of the coastal areas of the United 


It should be added that the coasts 
of Alaska and the Philippines are in the same 
eategory. Even the deep submarine shapes 
of the so-called voleanic islands used so often 
in the literature are inferred from such 


| meager data that one cannot consider them 


conclusive. 
The density current hypothesis does not do 
violence to geologic ideas based upon the con- 


cept of relatively permanent sea level; that 


is, eustatic changes in sea level in Pleistocene 
or Recent Time not exceeding the order of 
300 feet. Although the author suggests that 
density currents may now be operating in 
some regions where continental shelves are 
narrow, no conclusive evidence has been 
found that the process is in operation any- 
where in the world today. Conditions favor- 


' able to such bottom currents are supposed, 


eta ee i iNeisss 


FRAT ry 


oe cere 


however, to have been effective during Gla- 
cial Periods. 

The exploration of the continental shelves 
and slopes and oceanic areas by echo sound- 
ing has opened a broad vista into geologic 
history. When the present destructive in- 
terlude is over, we may hope to have a wealth 
of new data on this subject available to 
science. 

Professor Daly’s stimulating lectures will 
be enjoyed by many readers. His forthright 


| style and lively imagination coupled with his 











_ known to American geologists. 


intimate knowledge of earth sciences are well 
In this book 
his capacity for applying ‘‘the principle of 
mutual dependence among the sciences’’ is 
thoroughly demonstrated.—PauL A. SmITH. 


HEALTH AND HYGIENE 

Health and Hygiene. Lloyd Ackerman. Iilus- 
trated. xii+896 pp. $5.00. 1943. Jacques Cattell. 

THE author has produced a_ well-docu- 
mented work free from dogma and of value 
to the student, the lay reader, or the teacher. 
Each chapter is followed by a truly impos- 
ing array of references. 

The first chapters are largely historical. 
They could be improved by a relation of the 
history, structure, and functions of public 
health services, both national and local, and 
a history of medical education in America. 
Some of the space given to descriptions of 


BOOK REVIEWS 


159 


the cults could have been so used to better ad- 
vantage. Otherwise the book is praiseworthy. 
The literary style is exceilent and entertain- 
ing, the print is clear, and the references 
seem to cover the field entirely. Emphasis 
is laid on mental hygiene, and the treatment 
is subjective. 

Mental diseases are covered as fully as 
necessary in a work of this sort, and the terms 
used are reduced t&the understanding of the 
reader who may not have a scientific train- 
ing. This does not detract from its scientific 
value; rather it should enhance its value 
for the student just being introduced to the 
subject. 

The text on vaccines, serums, and vitamins 
has been stripped down to understandable 
terms. However, this is so generally true 
of the whole book that it is superfluous to 
take up chapters separately. 

All in all we have here a scientific treatise 
on health and hygiene that can be recom- 
mended highly.—M. F. Ossorn. 


A PRIMER OF ELECTRONICS 
Don P. Caverly. Illus- 
1943. McGraw-Hill. 


A Primer of Electronics. 
trated. xi+235 pp. $2.00. 

REALIZATION that knowledge of the general 
physical principles on which modern electric 
devices are based had not been made avail- 
able to even a small fraction of the number 
of interested people prompted the prepara- 
tion and publication of this book. Through 
the book the nontechnical reader can obtain 
a brief survey of the broad field of electricity, 
magnetism, and related topies of physical 
Discussion of basie principles is 
cleverly interspersed with descriptions of 
their practical application to form an inter- 
esting and enlightening review of a broad 
field. 

Electronics is defined in the early part of 
the book as ‘‘that branch of science and tech- 
nology which relates to the conduction of 
electricity through gases or in vacuo.’’ The 
Look, however, includes discussions of ultra- 
violet and infrared, as well as visible, por- 
tions of the spectrum. These topics, which 
are not clearly included by the terms of the 
definition of electronics, make an interesting 
addition to the text. At the same time, the 
book would have been more satisfying, at 
least to the reviewer, if such discussions had 


science. 
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been omitted or curtailed and an equivalent 
space used for further explanation of the 
field of electronics in a more restricted sense. 
In particular, if the sections on capacitive 
and inductive reactance could have been ex- 
panded to provide a background for an ade- 
quate explanation of resonance in radio fre- 
queney circuits, the average reader would 
probably have had his interest stimulated 
further. 

The fundamental principles of vacuum 
tubes and their simple application in radio 
cireuits are clearly described with the aid of 
excellent illustrations. Considering the com- 
plexities involved, the discussions of tele- 
vision, photograph transmission, frequency 
modulation, the electron microscope, and 
other relatively new vacuum tube applica- 
tions are well done. The average reader, 
whose background probably includes elemen- 
tary high school science, will find much of 
interest and value in this book. It is recom- 
mended for such people if they have any 
feeling of curiosity as to the how and why 
of the wonders of modern electronics.—GaIL 
F. Mouton. 


MEDICAL PHYSICS 

Medical Physics. Otto Glasser, Editor-in-Chief. 
xlvi + 1744 pp., 1382 illus. 1944. $18.00. The Year 
Book Publishers, Ine. 

MeEpIcaL physies is not exactly a new sub- 
ject. Its beginning extends to the Middle 
Ages, but the tempo of applications and dis- 
eoveries has become rapid in the last ten to 
twenty years. There has grown up a truly 
stupendous amount of scientific information 
in this borderline field between physics and 
medicine. It has, however, suffered from 
being widely scattered in publications some 
of which frequently are inaccessible to those 
most interested. 

The text which is the subject of our review 
is really an encyclopedia in form and scope. 
The editor and his twenty-two associate edi- 
tors are to be congratulated that the ‘‘small 
manual’’ idea of treatment was discarded at 
this stage of the subject in favor of a more 
complete and comprehensive treatment. 
They are further to be congratulated upon 
enlisting a corps of 245 different specialists, 
each of whom has prepared articles on one 
or more subjects. Their 255 articles which 


comprise the text of this book are arrano 
alphabetically under the titles. A _ lis; 

twenty-three subject sections with the nyy 
ber of articles (Ar.) in each, the number 

different authors (Aw.), and the name of +} 
associate editor follows: 


Subject Ar. Au. Associate 
Anatomy 23 22 Normand L. H 
Bacteriology 5 6 Otto Rahn 
Biometrics 4 4 Charles P. Wins 
Biophysics 41 48 Otto Glasser 
Dermatology 4 4 George W. B 
Hematology 18 12. Erie Ponder 
Medicine 104 113 Russell L. Hader 
Neurology 20 25 W. James Gard: 
Nuclear physics 11 11 Robley D. Ey 
Ophthalmology 7 8 <A. D. Ruedeman 
Opties 15 15 W. B. Rayton 
Orthopedics 12 12 James A. Dicks 
Otolaryngology 9 8 Paul M. Moor 
Pathology 31 36 Harry Goldblatt 
Pediatrics 1 1 Norman C. Wetz 
Photography 16 16 Leo C. Massopus 
Physical chemistry 27 28 F. M. Whitacre 
Physical therapy 29 35 Walter J. Zeiter 
Physics (methods) 58 66 John G. Albright 
Physiology 101) 111 Harold D. Green 
Radiology 67 72 Harry Hauser 
Surgery 40 48 Frederick R. Mau 
Urology 15 17. Charles C. Higgii 


The text is printed in double columns, and 
the excellent illustrations are numbered sepa- 
‘ately for each article. The working formn- 
lae and tabular material are noteworthy 
features of the book. <A suggested bibliogra 
phy in brief form is appended to virtuall) 
all of the articles. 

The extensive subject index, which con 
prises 44 pages of three columns to the page 
is intended to unify this book. The analysis 
is detailed and appears to be entirely ade 
quate. The subject index is followed by a 
name index of 16 pages, four columns to th 
page. 

The material covered ranges widely and 
embraces the whole meeting ground of phys- 
ies, medicine, chemistry, biology, engineering, 
and other sciences. Under nuclear physics 
for example, occur such articles as descrip- 
tions of betatrons, cyclotrons, Geiger coun- 
ters, and a discussion of tracer techniques 
Under medicine occur such topies as specific 
gravity and solids of blood, effect of heat and 
cold, exercise and posture, motor functions, 
and fever therapy. Then there are splendid 
discussions of such subjects as chlorophy|l, 
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’ with 54 columns of bibliography. 


bio-electricity and cinematography. Some of 
the subjects seem to have been covered in the 
fullest way, as for example the exhaustive 
treatise on photometry, covering 33 pages 
No effort 


' seems to have been spared to get the best of 


Zwory- 


‘kin, for example, writes on the electron 


edge of this field. 


microscope, Wollan on cosmic rays, Trump 
on supervoltage generators, Rashevsky on 
mathematical biophysics, to mention only a 
few names immediately familiar to physicists. 

It would require an entire faculty of a uni- 
versity in which such schools or departments 
as physies, chemistry, mathematics, biology, 
physiology, and medicine were particularly 
strong to give a critical evaluation of the dis- 
cussions. It appears to the reviewers to con- 
stitute a necessary text and reference work 
for all specialists either within or on the 
It will be useful for con- 
sultation by students and teachers particu- 
larly as a reference work for concise, up-to- 
date discussions in this field. The reviewers 
are impressed with its apparent usefulness 
also to practicing physicians and experimen- 
tal medical scientists. 

The editor speaks of the book as being de- 
signed to serve as a textbook and as a work- 
ing instrument. Actually it is doubtful if it 
will serve very well as a textbook, which in 
this field is long overdue. What is needed, 


_ however, is a book of about one-fifth the size 


' formation and inspiration. 


of this one, and leaning heavily on it for in- 
This book will 


'no doubt hasten the advent of such a text 


now that the material is accessible. The 


' encyclopedic arrangement is indicative of 
| the main purpose of the book; namely, to 


eee 





serve as a basic reference work in libraries 
and hospitals and for every physician and 
scientist who works in the borderland be- 
tween the pure sciences and medicine. 

The publishers are to be commended for 
undertaking the expensive task of publishing 
so comprehensive a work, but they have suc- 
ceeded well. The reviewers find it remark- 
ably free from typographical errors. 

It may be expected that this work will re- 
sult in increased emphasis on this subject in 
schools of both physical science and medicine. 
It is likely to stimulate research in this field. 
It is difficult to see how the conscientious 
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researcher can afford to be without the in- 
formation here assembled in ready form. 
Roger C. SMITH (Biology) and M. H. Tryt 
TEN (Physics). 


PRINCIPLES OF BEHAVIOR 


Principles of Behavior. Clark L. Hull. x 
$4.00. 1943. Appleton-Century. 


+ 422 pp. 


Tuts book vigorously denies that 
branch of the social sciences is inaccessible to 
objective mathematical inquiry. The first 
two chapters are devoted to a luminous ex 


position of the nature of scientific and objec 


any 


tive behavior theory. In these lucid pages 
Dr. Hull declares that ‘‘. 
theory is aggressive towards the problems of 


natural science 


nature, and it uses logic as a tool primarily 
for mediating to the scientist himself a more 
perfect understanding of natural processes”’ 
(p. 8). This isa far ery from the baby-with- 
bathwater objectivism of the Watsonian era. 
Science ‘‘ has postulates but no axioms 
in the Euclidian sense scientific theory 
reaches belief in its postulates to a consider- 
able extent through direct or observational 
evidence of the soundness of its theorems’’ 
(p. 9). 
pseudo-remedy and a doctrine of 
maintaining that supposedly impossible deri- 
vations with regard to goal or purposive be- 
havior are actually possible by reference to 


as a 


Hull rejects ‘‘emergentism’’ 
despair, 


stimuli and movement. 

The intricacy of such concepts as intelli- 
gence, insight, goals, intents, strivings, and 
value is fully realized by the author, who 
‘* . . the relative back- 
wardness of the behavior sciences is due not 
so much to their inherent complexity as to 
the difficulty of maintaining a consistent and 
rigorous objectivism’’ (p. 28). 

After this prologue Hull proceeds to derive 
sixteen basic molar postulates and five major 
detailed examination of 


nevertheless states 


corollaries from a 
numerous experimental studies in the field 
of animal behavior. The complicated equa- 
tions which support these postulates are rele- 
gated to terminal notes after each chapter. 
A comprehensive glossary of terms is also in- 
cluded. 

The author offers a theory of 
motivation which states that ‘‘. 
tiality of response evocation is the product of 
a function of drive intensity multiplied by a 


primary 
the poten- 
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function of habit strength.’’ Drive itself is 
a logical construct ‘‘. . . since it cannot be 
observed directly any more than can effective 
habit strength’’ (p. 390). Drive stimuli be- 
come integrally associated with the habit 
involved through conditioning to the reaction 
which is associated with reduction of a need. 

The concept of ‘‘behavioral oscillation”’ is 
introduced to account for the failure of effec- 
tive reaction potential to function fully in 
the evocation of action. Oscillation, or the 
variability of response from moment to 
moment in the presence of a constant stimu- 
lus situation seems to distribute itself in the 
form of a Gaussian curve. This little-under- 
stood physiological process ‘‘... is in a 
large measure responsible for the fact that 
the social sciences must poo] many observa- 
tions before ordinary empirical laws become 
manifest. Thus natural laws in the social 
sciences must always be based on statistical 
indices of one kind or another”’ (p. 393). Is 
this not also true of the physical sciences? 
Behavioral oscillation ‘‘. . . has doubtless 
appreciably retarded the development of the 
behavior sciences’? (p. 393). Apparently 
complexity, after all, must share honors with 
lack of objectivity in retarding the growth 
of these sciences. 

Hull’s prophetic credo hurls a ringing de- 
fiance against the decadent doctrines of 
Emergentism, Intuitioriism, and similar de- 
featist theories. ‘‘Progress in this new era 
will consist in the laborious writing, one by 
one, of hundreds of equations; in the experi- 
mental determination, one by one, of hun- 
dreds of empirical constants contained in the 
equations ...in the ruthless discard or 
revision of once promising principles or con- 
cepts which have failed wholly or in part to 
meet the test of empirical validation.’’ 

This book is more than a technical discus- 
sion and derivation of basic principles. It 
represents a bold and imaginative affirmation 
of faith in scientific method when the flame 


of that faith is flickering in the winds of +} 
world holocaust. For intellectual inspiratioy 
and inspiration in seminars on scienti{ 
method and psychology it will have 
equals.—F RED Brown. 


AMERICAN PSYCHIATRY 

One Hundred Years of American Psychiatry. Py} 
lished for the American Psychiatrie Association. | 
lustrated. xxiv+649 pp. $6.00. 1944. Columbig 
University Press. 

THis handsomely produced volume marks 
the centennial of the American Psychiatr 
Association, the oldest national medical , 
ganization in America. Thirteen contriby. 
tors, between them, deal with such subjects 
as the development of psychiatry fro 
colonial days to the foundation of the Asso. 
ciation, psychiatry in Europe at the midi 
of the 19th century, the founding and found. 
ers of the Association, the history of Ameri. 
ean mental hospitals, psychiatrie research 
America, American psychiatric literature, 
the history of psychiatric therapies, the his- 
tory of mental hygiene, military psychiatry 
in the Civil War and first and second World 
Wars, psychology in relation to psychiatry, 
American psychiatry as a specialty, legal 
aspects of psychiatry, and psychiatry and an- 
thropology. These papers are most attrae- 
tively written, and contain a remarkable 
amount of useful information interestingly 
presented. The book is well illustrated and 
contains an excellent index. 

American psychiatry may well be proud 
of its hundred years of achievement, and in 
keeping with the high standards of that 
achievement the present volume forms a fit- 
ting centennial celebration of that event 
The reviewer enjoyed the privilege of attend. 
ing the centenary meetings of the American 
Psychiatrie Association held in Philadelphia 
in May, 1944, and he can testify not only to 
the success of that meeting but also to th 
glowing health of psychiatry as a branch of 
medicine—M. F. AsHLEY Monraau. 
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COMMENTS AND CRITICISMS 


Fair and Warmer 

Weather forecasting may be a science in the 
United States, but it’s still an art, romantic and 
elusive in Colombia. Doubtless the air lines even 
there manage things differently, but the daily para- 
graphs headed ‘‘ Meteorological Data’’ that appear 
in El Tiempo, the Times of Bogota, Colombia, are 
literary gems, polished, cultured, urbane—and vague. 

‘‘TInereasing cloudiness and slightly warmer today 
Tomorrow partly cloudy and warmer, 
?? Never has 


and tonight. 
with a thundershower in the afternoon. 
such a crass, utilitarian forecast appeared in the 
leisurely pages of El Tiempo. Where would be the 
poetry, the erudite reference, the literary style? 
Factualism is for the gringos, say the Latin-Ameri- 
cans; we’ll take literature. 

‘Tt has been reasonably said,’’ writes Don Guil- 
lermo Bonitto in one of his paragraphs of meteoro- 
logical data in El Tiempo, ‘‘that new things may be 
found in old books. Indeed, since the colonial epoch 
(according to incomplete records), the climate of 
Bogoté has been characterized by high indices of 
humidity during cycles or periods fluctuating between 
five and six months in length; in such periods even 
the months of July and August have been rainy and 
very cold as at present, a condition that will very 
probably continue until the end of the month.’’ 

Don Guillermo, the writer of the daily paragraphs, 
is obviously a gentleman who takes the larger view. 
Not for him the mere twenty-four hour forecast, the 
precise anticipation of maximum and minimum tem- 
peratures, the bare details of wind direction and pre- 
‘cipitation. Not for him the paraphernalia of isobars 
and humidity symbols, barbed arrows and austausch 
coefficients. Weather forecasting for Don Guillermo 
is a branch of literature. 

Once he began his daily paragraph with unaccus- 
tomed precision: ‘‘ Probable condition of the atmos- 
phere: strong sunshine followed by rain.’’ He 
quickly repented, however. The next sentence indi- 
cated his difficulty: ‘‘The laws of physics and mathe- 
matics,’’ he wrote, ‘‘so wisely combined by the 
Supreme Divinity, stand in contradiction to the 
limited knowledge which human science has been able 
‘tc acquire concerning the relationship existing be- 
tween them.’’ A becoming humility, no doubt, but 

mot very helpful to the picnicker. 
| Don Guillermo’s work as a weather forecaster evi- 
idently keeps him constantly aware of the contrast 
jbetween human science and divine wisdom. The in- 
itermingling of human and divine, he points out on 
janother occasion, is reflected in the combination of 
cience and religion that erected the temples of the 
pAssyrians and Chaldeans as well as those of the 
PMuiscas and Sugamuxis right in Colombia. Full of 


mystery as those solid, tangible structures are, who 
are we moderns that we pretend to understand, much 
less foretell, the vagaries of the elusive, intangible 
atmosphere? 

But Don Guillermo is at his best when he is most 
historical. ‘‘These epochs of abundant rain,’’ he 


writes (it rains almost all the time in Bogota), 


‘fagree with the records left us by some of the Con 
Humboldt, the 
who 


quistadors, records later studied by 
marvelous Caldas, Toaldo, and 
labored in the field of meteorology, a science very 


other authors 
useful for progress, but still in its cradle here in 
the tropics.’’ 

With considerable justice Don Guillermo is con 
sistently pessimistic about the weather in Bogota. 
Rank amateur though I am, I can testify that the 
temperature hovers around fifty degrees Fahrenheit 
the year round and that it rains continually, now 
drizzling, now pouring. Old residents sadly assert 
that six totally clear days in any one year would 
establish a record. Thus, after one spell of clear 
weather, Don Guillermo reminded his readers of the 
inevitable. ‘‘According to careful studies,’’ he 
wrote, ‘‘the three days of splendid sunshine now 
enjoyed in Bogota will be succeeded by our custom 
ary weather within another day.’’ 

Sometimes Don Guillermo takes time out to reply 
to his correspondents. ‘‘Some kind readers of these 
essays,’’ he writes, ‘‘have asked the author to write 
at greater length. Gladly would he comply if he 
were a writer; but, aside from his complete lack of 
such talent, he adheres to the doctrine of expressing 
ideas in the most concise, brief, and concrete form 
possible, even though he make mistakes, and he 
does with considerable frequency.’’—JAMES PAUI 
STOAKES, Marshall College, Huntington, W. Va. 


Prometheus Bound 


In the March, 1944, 
MONTHLY, which has just reached this distant spot 
in New Guinea, there is an article by Dr. Pei Sung 
Tang entitled ‘‘ Helios and Prometheus: A Philos- 
ophy of Agriculture.’’ Three statements therein 
are believed to be so unscientific in character that 
they should be discussed further, lest readers unfa- 


issue of THE SCIENTIFIC 


miliar with the progress of science in certain fields 
give undue weight to the fact that the assertions 
appear in THE SCIENTIFIC MONTHLY. 

The first of the three is found in the fourth para- 
graph, where the author says, ‘‘ He [man] is not only 
constantly subjected to the Malthusian struggle be- 
tween himself and his fellow men; .’’ This ap- 
parent indorsement of the ‘¢ Malthusian 
Theory ’’ will be surprising to every scientist who has 
troubled to read Malthus’ exposition of this notion, 


so-called 
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because a less scientific combination of geometrical 
and arithmetical progressions, unsupported by any- 
thing that a scientist would consider relevant data, 
would be difficult to imagine. The widely used but 
little read ‘‘ Essay on Population’’ would hardly de- 
ceive a college sophomore today, and THE SCIENTIFIC 
MONTHLY would, I feel certain, immediately reject 
a manuscript so obviously fallacious; unless, indeed, 
you chose to publish it as an illustration of the ab- 
surd results sometimes obtained by failure to apply 
the scientific method. 

It is hardly possible that those of your readers who 
are active in applying the scientific method will not 
immediately see the absurdities involved in Malthus’ 
‘*theory.’’ For those who would prefer to read a 
scientific analysis of the ‘‘theory,’’ I suggest refer- 
ence to the works of a writer whom John Dewey has 
called one of the few great thinkers who have left a 
written record of their work since the dawn of re- 
corded history. In Book II of ‘‘Progress and 
Poverty,’’ Henry George subjected the ‘‘ Malthusian 
Theory ’’ to a scientific analysis that, were it not for 
the perennial rebirth of great delusions, would have 
long since disposed of the ‘‘theory.’’ 

The second point deserving further consideration 
is Dr. Tang’s assertion, ‘‘Until the time when he 
[man] can reproduce this apparently simple process 
of photosynthesis in his laboratory, independently 
of the green plant, man cannot claim to be free from 
the vestiges of his ancestral sun and fire worship.’’ 
It hardly seems possible that Dr. Tang is here using 
words in a scientific manner, that is, for symbolic 
rather than poetical purposes. Possibly a poor 
translation has occurred. In any event, there is no 
apparent reason why primitive superstitions should 
continue, even in part, until man has solved any par- 
ticular scientific problem. Probably most scientists 
would claim to be free of any vestiges of ‘‘ ancestral 
sun and fire worship,’’ and I think their claims would 
be justified. 

The third point deserving further consideration is 
found in Dr. Tang’s statement, ‘‘So long as the 
population of the world does not decrease, so long 
as the present practice of agriculture cannot be ex- 
pected to give significant increase in crop yield, the 
competition between man, animal, and plant for land 
area will forever be a barrier to providing animal 
products for human consumption.’’ The implication 
of this statement seems to be that the future practice 
of agriculture cannot be expected to give a marked 
increase in crop yield. (Obviously, the ‘‘ present 
practice’’ can be nothing but the ‘‘ present practice’’ 
in any event; only the future practice has any chance 
of increasing the crop yield. I am assuming that 
Dr. Tang intended to say something of significance.) 

Now, one of the more interesting developments of 
recent decades has been the very great increases in 
crop yields that have resulted from crop rotation, 
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more effective fertilization, and particularly fro, 


use of more carefully selected seed resulting 
scientific cross-breeding of various plants. N 
an expert in the latter field, I may have c} 
wrong technical phrase to describe the proced 
most readers will no doubt understand my re} 
In view of these developments, and in vi 
primitive and inefficient farming procedures s} 
lowed by most of the farming population 
world, I believe that the future practices of 
ture can be expected to give significant incr 
crop yields. 

It may well be that improved practices will 
readily adopted in such countries as India and | 


but this will not be because improved practices ‘ 


not be expected to give significant increase 
yield.’’ It will be for the simple reason 

significant increase in crop yield would b 
benefit whatsoever to the tax burdened, rent 
and bandit ridden ‘‘share ecroppers’’ of Ind 
China. They are now regularly stripped of 
that needed to keep life in their bodies, and, : 


know all too well to their sorrow, a more bount 


harvest but increases the greed of their extort 
All incentive for adopting improved practi 
been taken from them, to such an extent that 
crops are even slightly subnormal thousands st 


order that the tax gatherers, and other ‘‘ban 


may continue to live in the style to which tli 
become accustomed. 
There is no doubt that modern methods and 


tion of land not now producing food (including 


vast areas as the valley of the Amazon, now 


‘‘pioneered’’ as our middle west was a century 


and those large and tremendously fertile 
which New Guinea is an example) could res 


multiplying several times over the present crop 


animal products of agriculture. It is not to tl! 
gardliness of nature nor to the backwardness 
entific progress in agriculture that we shou 
for explanation of the undernourishment des 
by Dr. Tang.—CoLoneEL E. C. Harwoonp, C.E. 


Hybrid 
teference is made to a paper entitled ‘‘Th 
bidden Land’’ in the May, 1944, issue of 
ScIENTIFIC MONTHLY. In Figure 10 on pag 
there is a picture of an animal described as 


This is apparently not a yak, but a hybrid bet 


domestic cattle and the yak, which the Chines 
to as a pian niu.—RALPH W. PHILLIPS. 


Better Late... 


The photograph of James McKeen Cattell 


pearing in THE ScrentiFiC Montuiy of Ap! 


1944, is derived from the Journal of Cons 
Psychology (copyright 1937). Ex post 
acknowledgment is hereby made.—Ebs. 
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